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PREFACE TO THE NINTH REVISED EDITION 


This edition of the Smithsonian Physical Tables consists of 901 tables giv- 
ing data of general interest to scientists and engineers, and of particular inter- 
est to those concerned with physics in its broader sense. The increase in size 
over the Eighth Edition is due largely to new data on the subject of atomic 
physics. The tables have been prepared and arranged so as to be convenient 
and easy to use. The index has been extended. Each set of data given herein 
has been selected from the best sources available. Whenever possible an expert 
in each field has been consulted. This has entailed a great deal of correspond- 
ence with many scientists, and it is a pleasure to add that, almost without 
exception, all cooperated generously. 

When work first started on this edition, Dr. E. U. Condon, then director of 
the National Bureau of Standards, kindly consented to furnish any assistance 
that the scientists of that institution were able to give. The extent of this help 
can be noted from an inspection of the book. Dr. Wallace R. Brode, associate 
director, National Bureau of Standards, gave valuable advice and constructive 
criticism as to the arrangement of the tables. 

D. H. Menzel and Edith Jenssen Tebo, Harvard University, Department of 
Astronomy, collected and arranged practically all the tables on astronomy. 

A number of experts prepared and arranged groups of related data, and 
others either prepared one or two tables or furnished all or part of the data 
for certain tables. Care has been taken in each case to give the names of those 
responsible for both the data and the selection of it. A portion of the data was 
taken from other published sources, always with the.consent and approval of 
the author and publisher of the tables consulted. Due credit has been given in 
all instances. Very old references have been omitted. Anyone in need of these 
should refer to the Eighth Edition. 

It was our intention to mention in this preface the names of all who took part 
in the work, but the list proved too long for the space available. We wish, 
however, to express our appreciation and thanks to all the men and women 
from various laboratories and institutions who have been so helpful in con- 
tributing to this Ninth Edition. 

Finally, we shall be grateful for criticism, the notification of errors, and 
new data for use in reprints or a new edition. 

W. E. FORSYTHE 
Astrophysical Observatory 
Smithsonian Institution 
January 1951 


EDITOR'S NOTE 


The ninth edition of the Physical Tables was first published in June 1954. 
In the first reprint (1956), the second reprint (1959), and the third (1964) 


a few misprints and errata were corrected. 
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INTRODUCTION 


UNITS OF MEASUREMENT 


The quantitative measure of anything is expressed by two factors—one, 
a certain definite amount of the kind of physical quantity measured, called the 
unit; the other, the number of times this unit is taken. A distance is stated 
as 5 meters. The purpose in such a statement is to convey an idea of this dis- 
tance in terms of some familiar or standard unit distance. Similarly quantity 
of matter is referred to as so many grams; of time, as so many seconds, or 
minutes, or hours. 

The numerical factor definitive of the magnitude of any quantity must de- 
pend on the size of the unit in terms of which the quantity is measured. For 
example, let the magnitude factor be 5 for a certain distance when the mile is 
used as the unit of measurement. A mile equals 1,760 yards or 5,280 feet. The 
numerical factor evidently becomes 8,800 and 26,400, respectively, when the 
yard or the foot is used as the unit. Hence, to obtain the magnitude factor for 
a quantity in terms of a new unit, multiply the old magnitude factor by the ratio 
of the magnitudes of the old and new units; that is, by the number of the new 
units required to make one of the old. 

The different kinds of quantities measured by physicists fall fairly definitely 
into two classes. In one class the magnitudes may be called extensive, in the 
other, intensive. To decide to which class a quantity belongs, it is often helpful 
to note the effect of the addition of two equal quantities of the kind in question. 
If twice the quantity results, then the quantity has extensive (additive) mag- 
nitude. For instance, two pieces of platinum, each weighing 5 grams, added 
together weigh 10 grams; on the other hand, the addition of one piece of 
platinum at 100° C to another at 100° C does not result in a system at 200° C. 
Volume, entropy, energy may be taken as typical of extensive magnitudes ; 
density, temperature and magnetic permeability, of intensive magnitudes. 

The measurement of quantities having extensive magnitude is a compara- 
tively direct process. Those having intensive magnitude must be correlated 
with phenomena which may be measured extensively. In the case of tempera- 
ture, a typical quantity with intensive magnitude, various methods of measure- 
ment have been devised, such as the correlation of magnitudes of temperature 
with the varying lengths of a thread of mercury. 


Fundamental units.—It is desirable that the fewest possible fundamental 
unit quantities should be chosen. Simplicity should regulate the choice— 
simplicity first, psychologically, in that they should be easy to grasp mentally, 
and second, physically, in permitting as straightforward and simple definition 
as possible of the complex relationships involving them. Further, it seems de- 
sirable that the units should be extensive in nature. It has been found possible 
to express all measurable physical quantities in terms of five such units: first, 
geometrical considerations—length, surface, etc.—lead to the need of a length; 
second, kinematical considerations—velocity, acceleration, etc.—introduce 
time; third, mechanics—treating of masses instead of immaterial points—in- 
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troduces matter with the need of a fundamental unit of mass ; fourth, electrical, 
and fifth, thermal considerations require two more such quantities. The dis- 
covery of new classes of phenomena may require further additions. 

As to the first three fundamental quantities, simplicity and good use sanction 
the choice of a length, L, a time interval, T, and a mass, M. For the measure- 
ment of electrical quantities, good use has sanctioned two fundamental quan- 
tities—the dielectric constant, K, the basis of the "electrostatic" system, and 
the magnetic permeability, и, the basis of the "electromagnetic" system. Ве- 
sides these two systems involving electrical considerations, there 1s in common 
use a third one called the "absolute" system, which will be referred to later. 
For the fifth, or thermal fundamental unit, temperature is generally chosen.! 


Derived units.—Having selected the fundamental or basic units—namely, 
a measure of length, of time, of mass, of permeability or of the dielectric 
constant, and of temperature—it remains to express all other units for physical 
quantities in terms of these. Units depending on powers greater than unity of 
the basic units are called “derived units.” Thus, the unit volume is the volume 
of a cube having each edge a unit of length. Suppose that the capacity of some 
volume is expressed in terms of the foot as fundamental unit and the volume 
number is wanted when the vard is taken as the unit. The vard is three times 
as long as the foot and therefore the volume of a cube whose edge is a yard is 
3x3x3 times as great as that whose edge 1s a foot. Thus the given volume 
will contain only 1/27 as many units of volume when the yard is the unit of 
length as it will contain when the foot is the umt. To transform from the foot 
as old unit to the yard as new unit, the old volume number must be multiplied 
by 1/27, or by the ratio of the magnitude of the old to that of the new unit of 
volume. This is the same rule as already given, but it is usually more con- 
venient to express the transformations in terms of the fundamental units 
directly. In the present case, since, with the method of measurement here 
adopted, a volume number is the cube of a length number, the ratio of two units 
of volume is the cube of the ratio of the intrinsic values of the two units of 
length. Hence, if / 1s the ratio of the magnitude of the old to that of the new 
unit of length, the ratio of the corresponding units of volume is 7. Similarly 
the ratio of two units of area would be /?, and so on for other quantities. 


CONVERSION FACTORS AND DIMENSIONAL FORMULAE 


For the ratio of length, mass, time, temperature, dielectric constant, and 
permeability units the small bracketed letters, [/], [m7], [t], [6], [А], апа [и] 
will be adopted. These symbols will always represent simple numbers, but the 
magnitude of the number will depend on the relative magnitudes of the units 
the ratios of which they represent. When the values of the numbers represented 
by these small bracketed letters as well as the powers of them involved in any 
particular unit are known, the factor for the transformation is at once obtained. 
Thus, in the above example, the value of /| was 1/3, and the power involved 
in the expression for volume was 3; hence the factor for transforming from 
cubic feet to cubic yards was I? or 1/3? or 1/27 These factors will be called 
conversion factors. 


! Because of its greater psychological and physical simplicity, and the desirability that 
the unit chosen should have extensive magnitude, it has been proposed to choose as the 
fourth fundamental quantity a quantity of electrical charge, e. The standard units of electri- 
cal charge would then be the electronic charge. For thermal needs, entropy has been pro- 
posed. While not generally so psychologically easy to grasp as temperature, entropy is of 
fundamental importance in thermodynamics and has extensive magnitude. (Tolman, R. C., 
The measurable quantities of physics, Phys. Rev., vol. 9, p. 237, 1917.) 
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To find the symbolic expression for the conversion factor for any physical 
quantity, it is sufficient to determine the degree to which the quantities, length, 
mass, time, etc., are involved. Thus a velocity 1s expressed by the ratio of the 
number representing a length to that representing an interval of time, or 
[L/T], and acceleration by a velocity number divided by an interval-of-time 
number, or [L/T?], and so on, and the corresponding ratios of units must 
therefore enter in precisely the same degree. The factors would thus be for 
the just-stated cases, [//t] and [//t?]. Equations of the form above given for 
velocity and acceleration which show the dimensions of the quantity in terms of 
the fundamental units are called dimensional equations. Thus [E] 2 [ML?T"?] 
will be found to be the dimensional equation for energy, and [ML?T~?] the 
dimensional formula for it. These expressions will be distinguished from the 
conversion factors by the use of bracketed capital letters. 

In general, if we have an equation for a physical quantity, 

CaS Ле Ме TS, 
where C is a constant and L, M, T represent length, mass, and time in terms 
of one set of units, and it is desired to transform to another set of units in terms 
of which the length, mass, and time are L,, M,, T,, we have to find the value of 
L,/L, M,/M, T,/T, which, in accordance with the convention adopted above, 
will be [, зп, t, or the ratios of the magnitudes of the old to those of the new 


units. 
Thus L,-2 LI, M,— Mm, T,- Tt, and if Q, be the new quantity number, 


О, = CLIMEI, 
=ске T= Omt., 


ог the conversion factor 1s [/*^m*t*], a quantity precisely of the same form as 
the dimension formula [L*M^*T*]. 

Dimensional equations are useful for checking the validity of physical equa- 
tions. Since physical equations must be homogeneous, each term appearing in 
thenı must be dimensionally equivalent. For example, the distance moved by 
a uniformly accelerated body is s=vot + 4at?°. The corresponding dimensional 
equation is [L]  [(L/T) T] - [CL/T?) T?], each term reducing to [Z ]. 

Dimensional considerations may often give insight into the laws regulating 
physical phenomena.? For instance, Lord Rayleigh, in discussing the intensity 
of light scattered from small particles, in so far as it depends upon the wave- 
length, reasons as follows: ? 


The object is to compare the intensities of the incident and scattered ray; for these will 
clearly be proportional. The number (:) expressing the ratio of the two amplitudes is a 
function of the following quantities: — 7, the volume of the disturbing particle; r, the 
distance of the point under consideration from it; A, the wavelength; c, the velocity of 
propagation of light; D and D', the original and altered densities: of which the first three 
depend only on space, the fourth on space and time, while the fifth and sixth introduce the 
consideration of mass. Other elements of the problem there are none, except mere numbers 
and angles, which do not depend upon the fundamental measurements of space, time, and 
mass. Since the ratio 1, whose expression we seek, is of no dimensions in mass, it follows 
at once that D and D' occur only under the form D: D’, which is a simple number and may 
therefore be omitted. It remains to find how : varies with V,r,, c. 

Now, of these quantities, c is the only one depending on time; and therefore, as 7 is of no 
dimensions in time, c cannot occur in its expression. We are left, then, with V,r, and ^ ; and 
from what we know of the dynamics of the question, we may be sure that i varies directly as 
V and inversely as r, and must therefore be proportional to // — Xr, V being of three di- 


2 Buckingham, E., Phys. Rev., vol. 4, p. 345, 1914; also Philos. Mag., vol. 42, p. 696, 1921. 
3 Philos. Mag., ser. 4, vol. 41, p. 107, 1871. See also Robertson, Dimensional analysis, 
Gen. Electr. Rev., vol. 33, p. 207, 1930. 
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mensions in space. In passing from one part of the spectrum to another A is the only 
quantity which varies, and we have the important law: 

When light is scattered by particles which are very small compared with any of the 
wavelengths, the ratio of the amplitudes of the vibrations of the scattered and incident light 
varies inversely as the square of the wavelength, and the intensity of the lights themselves 
as the inverse fourth powcr. 


The dimensional and conversion-factor formulae for the more commonly 
occurring derived units are given in Table 30. 
TABLE 2.—SOME FUNDAMENTAL DEFINITIONS 
Part 1.—Geometrical and mechanical units + 
Activity (power).—Time rate of doing work; unit, the watt. 


Angle (¢).—The ratio of the length of its circular arc to its radius; unit, 
the radian. 


Angstrom.—Unit of wavelength 2107? meter. (See Table 522.) 


Angular acceleration («= 


Angular momentum (/w).—The product of its moment of inertia about 
an axis through its center of mass perpendicular to its plane of rotation and its 
angular velocity. 





у-ті rate of change of angular velocity. 


Angular velocity.—The time rate of change of angle. 


Area.—Extent of surface. Unit, a square whose side is the unit of length. 
The area of a surface 15 expressed as S— CL?, where the constant C depends 
on the contour of the surface and L is a linear dimension. If the surface is a 
square and L the length of a side, С is unity; if a circle and L its diameter, C 
is 7/4, (See Table 31.) 


Atmosphere.— Unit of pressure. (See Table 260.) 


English normal= 14.7 Ib/in.?=29.929 in.Hg =760.18 mmHg (32°F) 
О. S.2760 mmHg (0?C) 229.921 in. Hg — 14.70 lb/in.* 


Avogadro number.—Number of molecules per mole, 6.0228 x 10?* mole- 
cules/mole. 


Bar.**—International unit of pressure 10° dyne/cm?. 
Barye.—cgs pressure unit, one dyne/cm?. 


Carat.—The diamond carat standard in U. S.=200 mg. Old standard= 
205.3 mg=3.168 grains. The gold carat: pure gold is 24 carats; a carat is 
1/24 part. 


Circular area.— The square of the diameter = 1.2733 x true area. True 
area = 0.785398 x circular area. 


Circular inch.—Area of circle 1 inch in diameter. 
Cubit = 18 inches. 





4For dimensional formula see Table 30, part 2. 
4a Some writers have used this term for 1 dyne/cm?. 
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Dalton (atomic mass unit M,).—Unit of mass, 1/16 mass оҒ охуреп (2019) 
atoin, 1.66080 x 102 = (Phys. scale). (See Table 26.) 


Density.—The mass per unit volume. The specific gravity of a body is the 
ratio of a density to the density of a standard substance. Water and air are 
commonly used as the standard substance. 


Digit.—3/4 in.; 1/12 the apparent diameter of the sun or moon. 


Diopter.—Unit of 'power of a lens." The diopter — the reciprocal of the 
focal length in meters. 


Dyne.—The cgs, unit of force = that unbalanced force which acting for 
1 second on body of 1 gram mass produces a velocity change of 1 cm/sec. 


Energy.— The work done by a force produces either a change in the velocity 
of a body or a change of its shape or position or both. In the first case it pro- 
duces a change of kinetic energy, in the second, of potential energy. 


Erg.—The cgs unit of work and energy = the work done by 1 dyne acting 
through 1 centimeter. 


Fluidity.—Reciprocal of viscosity. 


Foot-pound.— The work which will raise 1 pound. body 1 foot high for 
standard g. 


Foot-poundal.— The work done when a force of 1 poundal acts through 
1 foot. 


Force (f).—Force is the agent that changes the motion of bodies and is 
measured by the rate of change of momentum it produces on a free body. 


Gal = gravity standard = an acceleration of 1 cm ес”. 

Giga = 10°. 

Gram.—The standard of mass in the metric system. (See Table 31.) 
Gram-centimeter.—The cgs gravitation unit of work. 


Gram-molecule.—The mass in grams of a substance numerically equal to 
its molecular weight. 


Gravitation constant.—(G, in formula F=Gm,m,/r*) =6.670 x 10° dyne 
pns pes 
Gravity (g).—The attraction of the earth for any mass. It is measured by 


the acceleration produced on the mass under standard conditions. This ac- 
celeration g equals 980.665 cm вес”? or 32.17 ft sec”. 


Horsepower.—A unit of mechanical power. The English and American 
horsepower is defined by some authorities as 550 foot-pounds/sec and by 
others as 746 watts. The continental horsepower is defined by some authori- 
ties as 75 kgm/sec and by others as 736 watts. 


Joule.—Unit of work (energy) = 10% ergs. Joules = (volts? x sec)/ 
ohms = watts X sec = amperes? X ohms X sec = volts X amperes X sec. 


Kilodyne.—1,000 dynes. About 0.980 gram weight. 
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Kinetic energy.—The energy associated with the motion = —— in ergs if 


2 


m is in grams and v in cm/sec. 


Linear acceleration («= 4%), Ті rate of change of velocity. 
Liter.—See Table 32. 


Loschmidt number.—The number of molecules per cm? of an ideal gas at 
0°C and normal pressure = 2.68570 x 10?° molecules/cm*. 


Megabaryes.—Unit of pressure — 1,000,000 baryes — 1 bar — 0.987 at- 
mosphere. 


Meter.—See Table 31. 

Micro.—A prefix indicating the millionth part. (See Table 901.) 

Місгоп (и) - one-millionth of a meter = one-thousandth of a millimeter. 
Mil.—One-thousandth of an inch. 

Mile.—Statute = 5,280 feet ; nautical or geographical = 6,080.20 feet. 
Milli.—A prefix denoting the thousandth part. 


Modulus of elasticity.—Ratio of stress to strain. The dimension of strain, 
a change of length divided by a length, or change of volume divided by a 
volume, is unity. 


Mole or mol.—Mass equal numerically to molecular weight of substance. 


Momentum (M = mv).—The quantity of motion in the Newtonian sense; 
the product of the mass and velocity of the body. 


Moment of inertia (7) of a body about an axis 1s the Sir’, where m is 
the mass of a particle of the body and r its distance from the axis. 


Newton.—The unit of force in the MKS system — 10? dynes. (See Table 
3, part 2.) 


Pound weight.—A force equal to the earth’s attraction for a mass of 1 
pound. This force, acting on 1 lb mass, will produce an acceleration of 32.17 
ft/sec?. 


Poundal.—The ft-lb sec unit of force. That unbalanced force which acting 
on a body of 1 Ib mass produces an acceleration of 1 ft/sec’. 


Pi (7) 23.1416. (See Table 11.) 


Power.—Activity (в-%-) is the time rate of doing work. 


Radian.—An angle subtended by an arc equal to the radius. This angle 
equals 180°/r = 57.29578° = 57° 17°45” =206265” 


Resilience.—The work done per unit volume of a body in distorting it to 
the elastic limit or in producing rupture. 

Slug.—Mass (32.17 lb) acquiring acceleration 1 ft sec? when continuously 
acted upon by force of 1 Ib weight. 
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Strain.— The deformation produced by a stress divided by the original di- 
mension. 


Stress.— The force per unit area of a body that tends to produce a deforma- 
tion. 


Tenth-meter.—10? meter — 1 angstrom. 


Torque, moment of a couple, about an axis is the product of a force and the 
distance of its line of action from the axis. 


Volume.—Extent of space. Unit, a cube whose edge is the unit of length. 
The volume of a body is expressed as V = CL’. The constant C depends on 
the shape of the bounding surfaces. 


Velocity (v= =) is distance traversed per unit time. 

Viscosity.—The property of a liquid by virtue of which it offers resistance 
to flow. The coefficient of viscosity is the tangential force that must be applied 
to the upper surface of a 1-cm cube of the liquid on an edge to produce a 
velocity of 1 cm/sec in the face when the lower face is at rest. 


Work (W).—The work done by an unbalanced force is the product of the 
force by the component of the resulting displacement produced in the direction 
of the force. 


Young’s modulus.—Ratio of longitudinal stress within the proportional 
limit to the corresponding longitudinal strain. 


Part 2.—Heat Units 5 


Blackbody.—A body that absorbs all the radiation that falls upon it. From 
this definition and certain assumptions it can be shown that its total radiation = 
oT* (Stefan-Boltzmann Law) and that the spectral distribution of the radia- 
tion is given by the Planck Law: ?* 


-5 
m Acà 


E 
e" —] 


Brightness temperature (5).—The temperature of a non-blackbody de- 
termined from its brightness (with an optical pyrometer, see Table 77) as if 
it were a blackbody. Such temperatures are always less than the true tempera- 
tures. | 


British thermal unit (Btu).—The amount of heat required to raise 1 
pound of water at 60°F, 1°F. This unit is defined for various temperatures, 
but the general usage seems to be to take the Btu as equal to 252 calories. (See 
calorie. See Table 7.) 


Calorie.—The amount of heat necessary to raise 1 gram of water at 15°C, 
о 


5 For dimensional formulas see Table 30, part 2. 
5a An easier way to write this exponential term is: 


uci A c (5 )- 1) 
This form will be used hereafter. 
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There are various calories depending upon the interval chosen. Sometimes 
the unit is written as the gram-calorie or the kilogram-calorie, the meaning of 
which is evident. There is some tendency to define the calorie in terms of its 
mechanical equivalent. Thus the National Bureau of Standards defines the 
calorie as 4.18400 joules. At the International Steam Table Conference held 
in London in 1929 the international calorie was defined as 1/860 of the inter- 
national watt hour (see Table 7), which made it equal to 4.1860 international 
joules. With the adoption of the absolute system of electrical units, this be- 
comes 1/859.858 watt hours or 4.18674 joules. The Btu was defined at the 
same time as 251.996 international calories. Thus, until such a time as these 
differences are taken care of, there will be some confusion. 


Celsius temperature вса1е.--Тһе present-day designation of the scale 
formerly known as the Centigrade scale. 


Centigrade temperature scale.—The temperature scale that divides the 


interval between the ice point, taken as 0°C, and the boiling point of water 
with 100°. 


Coefficient of thermal expansion.—Ratio of the change of length per 
unit length (linear), or change of volume per unit volume (voluminal), to the 
change of temperature. 


Color temperature ® (7s).—The color temperature of a non-blackbody is 
the temperature at which it 1s necessary to operate the blackbody so that the 
color of its emitted light will match that of the source studied. 


Emissivity.—Ratio of the energy radiated at any temperature by a non- 
blackbody to that radiated by a blackbody at the saine temperature. The 
spectral emissivity is for a definite wavelength, and the total emissivity is 
for all wavelengths. 


Enthalpy.—Total energy that a system possesses by virtue of its tempera- 
ture. Thus, where U is the internal energy, then the enthalpy=U+PV where 
PV represents the external work. 


Entropy.—A measure of the extent to which the energy of the system is 
unavailable. 


Fahrenheit temperature scale.—A scale based on the freezing point-of 
water taken as 32° and the boiling point of water taken as 212°. 


Graybody.—A body that has a constant emissivity for all wavelengths. 


Heat.—Energy transferred by a thermal process. Heat can be measured 
in terms of the dynamical units of energy, as the erg, joule, etc., or in terms of 
the amount of energy required to produce a definite thermal change in some 
substance, as for example the energy required per degree to raise the tempera- 
ture of a unit mass of water at some temperature. The mechanical unit of 
heat has the dimensional formula of energy (ML?T'?). The thermal unit 
(H), as used in many of these tables, is (M0) where 6 denotes a temperature 
interval. 


Joule’s equivalent (J) or the mechanical equivaient of heat.—Con- 
version factor for changing an expression of mechanical energy into an ex- 
pression of thermal energy or vice versa (4.1855 J/cal). 

6 Gen. Electr. Rev., vol. 47, p. 26, 1944. 
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Kelvin temperature scale.—Scale of temperature based on equal work for 
equal temperatures for a working substance in a carnot cycle — Celsius ( Centi- 
grade) scale + 273.16. 


Langley (/y).—A new unit of radiation, surface density, has been sug- 
gested 7 which equals 1 calorie (15°C) per cm?. 


Latent heat.—Quantity of heat required to change the state of a unit mass 
of matter. 


Pyron.—A unit of radiant intensity = 1 cal cm? mint, 
Radiant energy.— Energy traveling in the form of electromagnetic waves. 


. Radiant temperature.— The temperature obtained by use of a total radia- 
tion pyrometer when sighted upon a non-blackbody. This is always less than 
the true temperature. 


Rankin temperature scale.—Absolute Fahrenheit scale = Fahrenheit 
scale + 459.7. 


Reaumur temperature scale.—A scale based upon the freezing point of 
water taken as 0°R and the boiling point of water taken as 80°R. 


Specific heat.—Ratio of the heat capacity of a substance to the heat capacity 
of an equal mass of water. When so expressed, the specific heat is a dimen- 
sionless number. 


Standard temperature.—A temperature that depends upon some char- 
acteristic of some substance, such as the melting, boiling, or freezing point, that 
is used as a reference standard of temperature. 


Thermal capacitance.—The heat capacity of a hody is the limiting value, 


E | КЕТ 
аѕ Г арргоасһеѕ лего, оЁ ће гапо —=> мћеге AT' 1s the rise in temperature 


AL 
resulting from the addition to the body of a quantity of heat equal to AQ. 


Thermal conductivity.—Quantity of heat, Q, which flows normally across 
a surface of unit area per unit of time and per unit of temperature gradient 
normal to the surface. In thermal units it has the dimensional formula 
ОО are if"). їп тесиле МАЛИ Тот 


Thermodynamic temperature.—See Kelvin temperature scale. 


Thermodynamics.—Study of the flow of heat. 


Thermodynamic laws: Zeroth law.—Two systems that are in thermal 
equilibrium with a third are in thermal equilibrium with each other. First law: 
When equal quantities of mechanical effect are produced by any means what- 
ever from purely thermal effects, equal quantities of heat are put out of 
existence or are created. Second law: It 1s impossible to transfer heat from 
a cold body to a hot body without the performance of mechanical work. Third 
law: It is impossible by any means whatever to superpose only the images of 
several light sources to obtain an image brighter than the brightest of the 
source, 


7 Aldrich et al., Science, vol. 106, p. 225, 1947. 
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Part 3.—Electric and Magnetic Units 


A system of units of electric and magnetic quantities requires four funda- 
mental quantities. A system in which length, mass, and time constitute three 
of the fundamental quantities is known as an “absolute” system. There are 
two absolu:e systems of electric and magnetic units. One is called the electro- 
static, in which the fourth fundamental quantity is the dielectric constant, and 
one is called the electromagnetic, in which the fourth fundamental quantity is 
magnetic permeability. Besides these two systems there will be described a 
third, to be known as the absolute system, that was introduced January 1, 1948. 
(See Table 4.) 

In the electrostatic system, unit quantity of electricity, Q, 1s the quantity 
which exerts unit mechanical force upon an equal quantity a unit distance from 
it in a vacuum. From this definition the dimensions and the units of all the 
other electric and magnetic quantities follow through the equations of the 
mathematical theory of electromagnetism. The mechanical force between two 
quantities of electricity in any medium 1s 


_00' 
s Kr’? 


where K is the dielectric constant, characteristic of the medium, and v the dis- 
tance between the two points at which the quantities Q and Q’ are located. K 
is the fourth quantity entering into dimensional expressions in the electrostatic 
system. Since the dimensional formula for force is [MLT~?], that for Q is 
ЕЕЕ]. 

The electromagnetic system 1s based upon the unit of the magnetic pole 
strength (see Table 466). The dimensions and the units of the other quantities 
are built up from this in the same manner as for the electrostatic system. The 
mechanical force between two magnetic poles in any medium is 





, 


тт 

pr? 
in which р 15 the permeability of the medium and r is the distance between two 
poles having the strengths m and m’. pw is the fourth quantity entering into 
dimensional expressions in the electromagnetic system. It follows that the 
dimensional expression for magnetic pole strength is [ML Tp]. 

The symbols K and » are sometimes omitted in the dimensional formulae so 
that only three fundamental quantities appear. There are a number of objec- 
tions to this. Such formulae give no information as to the relative magnitudes 
of the units in the two systems. The omission is equivalent to assuming some 
relation between mechanical and electrical quantities, or to a mechanical expla- 
nation of electricity. Such a relation or explanation is not known. 

The properties K and x are connected by the equation 1/ V Ky — v, where v 
is the velocity of an electromagnetic wave. For empty space or for air, K and 
p being measured in the same units, 1 V Ky—c, where c is the velocity of 
light in vacuo, 2.99776 x 10'? cm per sec. It is sometimes forgotten that the 
omission of the dimensions of K or p is merely conventional. For instance, 
magnetic field intensity and magnetic induction apparently have the same di- 
mensions when p is omitted. This results in confusion and difficulty in under- 
standing the theory of magnetism. The suppression of u has also led to the use 
of the centimeter” as a unit of capacity and of inductance; neither is physically 
the same as length. 





f= 


, 
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ELECTROSTATIC SYSTEM 


Capacitance of an insulated conductor is proportional to the ratio of the 
quantity of electricity in a charge to the potential of the charge. The dimen- 
sional formula is the ratio of the two formulae for electric quantity and 
potential or [M3E: T:K!/M'L'!T3KS or TER). 


Conductance of any part of an electric circuit, not containing a source of 
electromotive force, is the ratio of the current flowing through it to the differ- 
ence of potential between its ends. The dimensional formula is the ratio of the 
formulae for current and potential or [M!L? T?K!/M!L'T? K^] or [LT?K ]. 


Electrical conductivity, like the corresponding term for heat, 15 quantity 
per unit area per unit potential gradient per unit of time. The dimensional 
ШІН LT K/L (M'E T Ik ET or [7 A; 


Electric current (statampere-unit quantity) is quantity of electricity flow- 
ing through a cross section per unit of time. The dimensional formula is the 
ratio of the formulae for electric quantity and for time or [M L:T>K’/T] or 
IM Т2 К), 


Electric field intensity strength at a point is the ratio of the force оп а 
quantity of electricity at a point to the quantity of electricity. The dimensional 
formula is therefore the ratio of the formulae for force and electric quantity or 
По ГА | ог [МЕТ 


Electric potential difference and electromotive force (emf) (statvolt- 
work — 1 erg).— Change of potential is proportional to the work done per unit 
of electricity in producing the change. The dimensional formula is the ratio of 
the formulae for work and electrical quantity or (ML?T?/M'L?TK*] or 
[MS RI. 


Electric surface density of an electrical distribution at any point on a sur- 
face is the quantity of electricity per unit area. The dimensional formula 1s the 
ratio of the formulae for quantity of electricity and for area or [M*L! T! K!]. 


Quantity of electricity has the dimensional formula [M'L:T''K!], as 
shown above. 


Resistance is the reciprocal of conductance. The dimensional formula is 
[Вава | 


Resistivity is the reciprocal of conductivity. The dimensional formula is 
пе" 


Specific inductive capacity is the ratio of the inductive capacity of the 
substance to that of a standard substance and therefore is a number. 


Exs.—Find the factor for converting quantity of electricity expressed in ft-grain-sec 
units to the same expressed in cgs units. The formula is [m3/2t7 £3], in which m — 0.0648, 
1 = 30.48, t = 1, & — 1; the factor is 0.0648? х 30.487, or 42.8. 

Find the factor required to convert electric potential from mm-mg-sec units to cgs 
units. The formula is [n33t7573], in which т = 0.001, 1— 0.1, ? 1, £ — 1; the factor is 
0.0013 » 0.13, or 0.01. 

Find the factor required to convert electrostatic capacity from ft-grain-sec and specific- 
inductive capacity 6 units to cgs units. The formula is [/k] in which / — 30.48, & — 6: 
the factor is 30.48 & 6, or 182.88. 
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ELECTROMAGNETIC SYSTEM 


Many of the magnetic quantities are analogues of certain electric quantities. 
The dimensions of such quantities in the electromagnetic system differ from 
those of the corresponding electrostatic quantities in the electrostatic system 
only in the substitution of permeability p for K. 


Conductance is the reciprocal of resistance, and the dimensional formula is 
[LT py}. 


Conductivity is the quantity of electricity transmitted per unit area per unit 
potential gradient per unit of time. The dimensional formula is [M*#L*py?/ 
ДООМАТ ӘЛ УТ от [27 Гаје 


Current, / (abampere-unit magnetic field, r=1 cm), flowing in circle, 
radius r, creates magnetic field at its center, 22/7/r. Dimensional formula is 
product of formulae for magnetic field intensity and length or [Mi L’ T" p>]. 


Electric field intensity is the ratio of electric potential or electromotive 
force and length. The dimensional formula is [M Li T °p]. 


Electric potential, or electromotive force (emf) (abvolt-work=1 erg), 
as in the electrostatic system, is the ratio of work to quantity of electricity. 
The dimensional formula is [M L?D7?/M?L'!&i?] or E Ta 


Electrostatic capacity is the ratio of quantity of electricity to difference of 
potential. The dimensional formula is [L >T? u>]. 


Intensity of magnetization (/) of any portion of a magnetized body is 
the ratio of the magnetic moment of that portion and its volume. The dimen- 
вооа ту е ог и а та 


Magnetic field strength, magnetic intensity or magnetizing force (J) 
is the ratio of the force on a magnetic pole placed at the point and the magnetic 
pole strength. The dimensional formula is therefore the ratio of the formulae 
for a force and magnetic quantity, or[MLT?/M!L'!T?,!] or [M* L? T 1,7]. 


Magnetic flux (®) characterizes the magnetized state of a magnetic circuit. 
Through a surface enclosing a magnetic pole it is proportional to the magnetic 
pole strength. The dimensional formula is that for magnetic pole strength. 


Magnetic induction (5) 1s the magnetic flux per unit of area taken per- 
pendicular to the direction of the magnetic flux. The dimensional formula is 
ПАРА и а | ова атаана, 


Magnetic moment (M) is the product of the pole strength by the length of 
the magnet. The dimensional formula is [M Li Tp]. 


Magnetic pole strength or quantity of magnetism (i) has already 
been shown to have the dimensional formula [ML Tp]. 


Magnetic potential or magnetomotive force at a point is measured by 
the work which is required to bring unit quantity of positive magnetism from 
zero potential to the point. The dimensional formula is the ratio of the formulae 
for work and magnetic quantity [ML?T?/M?*L!T?,] or [M! L!T?,/3]. 


Magnetic reluctance is the ratio of magnetic potential difference to mag- 
netic flux. The dimensional formula is [Lw]. 
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Magnetic susceptibility («) is the ratio of intensity of magnetization 


produced and the intensity of the magnetic field producing it. The dimensional 
tormulaus [0T t /MTEPCT wi] or [s]. 


Mutual inductance of two circuits is the electromotive force produced іп 
one per unit rate of variation of the current in the other. The dimensional 
formula is the same as for self-inductance. 


Peltier effect, coefficient of, is measured by the ratio of the quantity of 
heat and quantity of electricity. The diinensional formula is [M L?77/M? L* c] 
oru ET the same as for electromotive force. 


Quantity of electricity is the product of the current and time. The dimen- 
sional formula is [AM L’ p>]. 


Resistance of a conductor is the ratio of the difference of potential be- 
tween its ends and the constant current flowing. The dimensional formula is 
ШТИ ТГ or sue 


Resistivity is the reciprocal of conductivity as just defined. The dimen- 
sional formula 1s [L?T 1]. 


Self-inductance is for any circuit the electromotive force produced in it by 
unit rate of variation of the current through it. The dimensional formula 15 
the product of the formulae for electromotive force and time divided by that 
for current or [M*L: T?! x T - M!L!T y] or [Ly]. 


Thermoelectric power is measured by the ratio of electromotive force and 
temperature. The dimensional formula is [M*L? T^?46? J. 

Exs.— Find the factor required to convert intensity of magnetic field from ft-grain-min 
units to cgs units. The formula is [mei t'u i] и = 0.0648, 1 = 30.48, t= 060, and = l; 
the factor is 0.0648: X 30.487:, or 0.046108. 

How many cgs units of magnetic moment make one ft-grain-sec unit of the same quan- 
tity? The formula is [m1 t^&!]; m — 0.0648, 1 — 30.48, t = 1, and „= 1; the number 
is 0.0648? » 30.482, or 1305.6. 

If the intensity of magnetization of a steel bar is 700 in cgs units, what will it be in 
тиши ес ий? The formula 15 [r Pr u], m = 1000, l= 10, f=), = 1; the in- 
tensity is 700 X 1000? X 10?, or 70000. 

Find the factor required to convert current from cgs units to earth-quadrant-10™ 
gram-sec units. The formula іѕ [12/2/1072]: me= 10", L= 10, &— 1; the factor is 
107+ X 1072, or 10. 

Find the factor required to convert resistance expressed in cgs umts into the same ex- 
pressed in earth-quadrant-107' gram-sec units. The formula is [/t^u]; 1— 10^, = 1, 
a l ihe factor 15107. 


TABLE 3.—FUNDAMENTAL STANDARDS 
Part 1.—Selection of fundamental quantities 


The choice of the nature of the fundamental quantities already made does 
not sufficiently define the system for measurements. Some definite unit or 
arbitrarily chosen standard must next be taken for each of the fundamental 
quantities. This fundamental standard should have the qualities of perma- 
nence, reproducibility, and availability and be suitable for accurate measures. 
Once chosen and made it is called the primary standard and is generally kept 
at some central bureau—for instance, the International Bureau of Weights 
and Measures at Sevres, France. A primary standard may also be chosen and 
made for derived units (e.g., the new absolute (1948) ohm standard), when 
it is simply a standard closely representing the unit and accepted for practical 
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purposes, its value having been fixed by certain measuring processes. Second- 
ary or reference standards are accurately compared copies, not necessarily 
duplicates, of the primaries for use in the work-of standardizing laboratories 
and the production of working standards for everyday use. 


Standard of length.—The primary standard of length which now almost 
universally serves as the basis for physical measurements is the meter. It is 
defined as the distance between two lines at 0° C on a platinum-iridium bar 
deposited at the International Bureau of Weights and Measures. This bar is 
known as the International Prototype Meter, and its length was derived from 
the “métre des Archives,” which was made by Borda. Borda, Delambre, 
Laplace, and others, acting as a committee of the French Academy, recom- 
mended that the standard unit of Jength should be the ten-millionth part of the 
length, from the equator to the pole, of the meridian passing through Paris. In 
1795 the French Republic passed a decree making this the legal standard of 
length, and an arc of the meridian extending from Dunkirk to Barcelona was 
measured by Delambre and Mechain for the purpose of realizing the standard. 
From the results of that measurement the meter bar was made by Borda. The 
meter is now defined as above and not in terms of the meridian length; hence, 
subsequent measures of the length of the meridian have not affected the length 
of the meter. 


Standard of mass.—The primary standard of mass now almost universally 
used as the basis for physical measurements is the kilogram. It is defined as 
the mass of a certain piece of platinum-iridium deposited at the International 
Bureau of Weights and Measures. This standard is known as the International 
Prototype Kilogram. Its mass is equal to that of the older standard, the “kilo- 
gram des Archives,” made by Borda and intended to have the same mass as a 
cubic decimeter of distilled water at the temperature of 4° C. 

Copies of the International Prototype Meter and Kilogram are possessed by 
the various governments and are called National Prototypes. 


Standard of time.—The unit of time universally used is the mean solar 
second, or the 86400th part of the mean solar day. It is based on the average 
time of one rotation of the earth on its axis relatively to the sun as a point of 
reference = 1.002 737 91 sidereal second. 


Standard of temperature.—The standard scale of temperature, adopted by 
the International Committee of Weights and Measures (1887), depends on 
the constant-volume hydrogen thermometer. The hydrogen is taken at an 
initial pressure at 0° C of 1 meter of mercury, 0° C, sea-level at latitude 45°. 
The scale is defined by designating the temperature of melting ice as 0° and of 
condensing steam as 100° under standard atmospheric pressure. 


Thermodynamic (Kelvin) Scale (Centigrade degrees).—Such a scale 
independent of the properties of any particular substance, and called the 
thermodynamic, or absolute scale, was proposed in 1848 by Lord Kelvin. The 
temperature is proportional to the average kinetic energy per molecule of a 
perfect gas. 


International temperature scale.—See Table 37. 


Numerically different systems of units.—The fundamental physical 
quantities which form the basis of a system for measurements have been chosen 
and the fundamental standards selected and made. Custom has not however 
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generally used these standards for the measurement of the magnitudes of 
quantities but rather multiples or submultiples of them. For instance, for very 
small quantities the micron (4) or one-millionth of a meter 1s often used. The 
following table * gives some of the systems proposed, all built upon the funda- 
mental standards already described. The centimeter-gram-second (cm-g-sec or 
cgs) system proposed by Kelvin is the only one generally accepted. 


Part 2.—Some proposed systems of units 


Giorgi Practical 
Weber MKS B. A. (B. A. 
and Kelvin Moon ( Prim. France Com., Com., Strout 

Gauss cgs 1891 Stds.) 1914 1863 1873) 1891 
Репа ..... mm cm dm m m m 10° стт 10° ст 
8552222... mg g Kg Kg 10° g g ТОО с 

sec 

ИСА осе а вес sec 10 sec sec sec sec sec 


Further, the choice of a set of fundamental physical quantities to form the 
basis of a system does not necessarily deternune how that system shall be used 
in measurements. In fact, upon any sufficient set of fundamental quantities, a 
great many different systems of units may be built. The electrostatic and elec- 
tromagnetic systems are really systems of electric quantities rather than units. 
They were based upon the relationships F— QQ'/Kr? and mm'/ux?, respec- 
tively. Systems of units built upon a chosen set of fundamental physical quan- 
tities may differ in two ways: (1) the units chosen for the fundamental 
quantities may be different; (2) the defining equations by which the system is 
built may be different. 

The electrostatic system generally used is based on the centimeter, gram, 
second, and dielectric constant of a vacuum. Other systems have appeared, 
differing from this in the first way—for instance using the foot, grain, and 
second in place of the centimeter, gram, and second. A system differing from 
it in the second way is that of Heaviside which introduces the factor Ят at 
different places than 1s usual in the equations. There are similarly several 
systems of electromagnetic units in use. 


Gaussian systems.—‘The complexity of the interrelations of the units is 
increased by the fact that not one of the systems 1s used as a whole, consistently 
for all electromagnetic quantities. The 'systems' at present used are therefore 
combinations of certain of the systems of units." 

Some writers? on the theory oí electricity prefer to use what is called a 
Gaussian system, a combination of electrostatic units for purely electrical quan- 
tities and electromagnetic units for magnetic quantities. There are two such 
Gaussian systems in vogue—one a combination of cgs electrostatic and cgs elec- 
tromagnetic systems, and the other a combination of the two corresponding 
Heaviside systems. 

When a Gaussian system is used, caution is necessary when an equation 
contains both electric and magnetic quantities. A factor expressing the ratio 
between the electrostatic and electromagnetic units of one of the quantities 
has to be introduced. This factor is the first or second power of c, the number 


8 Circular 60 of the National Bureau of Standards, Electric Units and Standards, 1916. 
The subsequent matter in this introduction is based upon this circular. 

? For example, A. G. Webster, Theory of electricity and magnetism, 1897; J. H. Jeans, 
Electricity and magnetism, 1911; H. A. Lorentz, The theory of electrons, 1909; and 
O. W. Richardson, The electron theory of matter, 1914. 
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of electrostatic units of electric charge in one electromagnetic unit of the same. 
There is sometimes a question as to whether electric current 1s to be expressed 
in electrostatic or electromagnetic units, since it has both electric and magnetic 
attributes. It is usually expressed in electrostatic units in the Gaussian system. 

It may be observed from the dimensions of K given in Table 2, part 3, that 
[I1/Kp] =[L?/T?] which has the dimensions of a square of a velocity. This 
velocity was found experimentally to be equal to that of light, when K and p 
were expressed in the same system of units. Maxwell proved theoretically that 
1/V Ky is the velocity of any electromagnetic wave. This was subsequently 
proved experimentally. When a Gaussian system is used, this equation becomes 
c/V Kp=v. For the ether K=1 in electrostatic units and p= 1 in electromag- 
netic units. Hence c=v for the ether, or the velocity of an electromagnetic 
wave in the ether is equal to the ratio of the cgs electromagnetic to the cgs 
electrostatic unit of electric charge. This constant c is of primary importance 
in electrical theory. Its most probable value is 2.99776 x 10'° centimeters per 
second. 


Part 3.—-Electrical and magnetic units 


Absolute ("practical") electromagnetic system (1948).— This electro- 
magnetic system is based upon the units of 10? cm, 10" g, the sec and y of 
the ether. The principal quantities are the resistance unit, the ohm— 10? emu 
units; the current unit, the ampere=107? emu units; and the electromotive 
force unit, the volt — 10* emu units. (See Table 6.) 


The International electric units.— The units used before January 1, 
1948, in practical electrical measurements, however, were the "International 
Units." They were derived from the "practical" system just described, or as 
the latter is sometimes called, the “absolute” system. These international units 
were based upon certain concrete standards that were defined and described. 
With such standards electrical comparisons can be more accurately and readily 
made than could absolute measurements in terms of the fundamental units. 
Two electric units, the international ohm and the international ampere, were 
chosen and made as nearly equal as possible to the ohm and ampere of the 
"practical" or "absolute" system.!? 


QUANTITY OF ELECTRICITY 


The unit of quantity of electricity is the coulomb. The faraday is the 
quantity of electricity necessary to liberate 1 gram equivalent in electrolysis. 
It is equivalent to 96,488 absolute coulombs (Birge). 


Standards.—There are no standards of electric quantity. The silver voltam- 
eter may be used for its measurement since under ideal conditions the mass 
of metal deposited is proportional to the amount of electricity which has flowed. 


CAPACITY 


The unit used for capacity is the microfarad or the one-millionth of the farad, 
which is the capacity of a condenser that is charged to a potential of 1 volt by 
1 coulomb of electricity. Capacities are commonly measured by comparison 
with standard capacities. The values of the standards are determined by 


10 There was, however, some slight error in these values that had to be taken into 
account for accurate work. (See Table 5.) 
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measurement in terms of resistance and time. The standard is some form of 
condenser consisting of two sets of metal plates separated by a dielectric. 
The condenser should be surrounded by a metal shield connected to one set 
of plates rendering the capacity independent of the surroundings. An ideal 
condenser would have a constant capacity under all circumstances, with zero 
resistance in its leads and plates, and no absorption in the dielectric. Actual 
condensers vary with the temperature, atmospheric pressure, and the voltage, 
frequency, and time of charge and discharge. A well-constructed air con- 
denser with heavy metal plates and suitable insulating supports is practically 
free from these effects and is used as a standard of capacity. 

Practically, air-condenser plates must be separated by 1 mm or more and so 
cannot be of great capacity. The more the capacity is increased by approaching 
the plates, the less the mechanical stability and the less constant the capacity. 
Condensers of great capacity use solid dielectrics, preferably mica sheets with 
conducting plates of tinfoil. At constant temperature the best mica condensers 
are excellent standards. The dielectric absorption is small but not quite zero, 
so that the capacity of these standards found varies with different methods of 
measurement, so for accurate results care must be taken. 


INDUCTANCE 


The henry, the unit of self-inductance and also the unit of mutual inductance, 
is the inductance in a circuit when the electromotive force induced in this 
circuit is | volt, while the inducing current varies at the rate of 1 ampere per 
second, 


Inductance standards.—Inductance standards are measured in interna- 
tional units in terms of resistance and time or resistance and capacity by alter- 
nate-current bridge methods. Inductances calculated from dimensions are in 
absolute electromagnetic units. The ratio of the international to the absolute 
henry is the same as the ratio of the corresponding ohms. 

Since inductance is measured in terms of capacity and resistance by the 
bridge method about as simply and as conveniently as by comparison with 
standard inductances, it 1s not necessary to maintain standard inductances. 
They are however of value in magnetic, alternating-current, and absolute 
electrical measurements. A standard inductance is a circuit so wound that 
when used in a circuit it adds a definite amount of inductance. It must have 
either such a form or so great an inductance that the mutual inductance of the 
rest of the circuit upon it may be negligible. It usually is a wire coil wound all 
in the same direction to make self-induction a maximun. A standard, the in- 
ductance of which may be calculated from its dimensions, should be a single 
layer coil of very simple geometrical form. Standards of very small inductance, 
calculable from their dimensions, are of some simple device, such as a pair of 
parallel wires or a single turn of wire. With such standards great care must 
be used that the mutual inductance upon them of the leads and other parts of 
the circuit is negligible. Any inductance standard should be separated by long 
leads from the measuring bridge or other apparatus. It must be wound so that 
the distributed capacity between its turns is negligible ; otherwise the apparent 
inductance will vary with the frequency. 


POWER AND ENERGY 


Power and energy, although mechanical and not primarily electrical quanti- 
ties, are measurable with greater precision by electrical methods than in any 
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other way. The watt and the electric units were so chosen in terms of the cgs 
units that the product of the current in amperes by the electromotive force in 
volts gives the power in watts (for continuous or instantaneous values). The 
watt is defined as the energy expended per second by an unvarying electric 
current of 1 ampere under an electric pressure of 1 volt. 


Standards and measurements.—No standard is maintained for power or 
energy. Measurements are always made in electrical practice in terms of some 
of the purely electrical quantities represented by standards. 


MAGNETIC UNITS 


Cgs units are generally used for magnetic quantities. American practice is 
fairly uniform in names for these units: the cgs unit of magnetomotive force 
is called the gilbert; magnetic intensity, the oersted; magnetic induction, the 
gauss; magnetic flux, the maxwell, following the definitions of the American 
Institute of Electrical Engineers (1894). 


Oersted, the cgs emu of magnetic intensity exists at a point where a force 
of 1 dyne acts upon a unit magnetic pole at that point, i.e., the intensity 1 cm 
from a unit magnetic pole. 


Maxwell, the cgs emu magnetic flux is the flux through a cm? normal to a 
field at 1 cm from a unit magnetic pole. 


Gauss, the cgs ernu of magnetic induction has such a value that if a con- 
ductor 1 cm long moves through the field at a velocity of 1 cm/sec, length and 
induction mutually perpendicular, the induced emf is 1 abvolt. 


Gilbert, the cgs emu of magnetomotive force is a field such that it requires 
] erg of work to bring a unit magnetic pole to the point. 

A unit frequently used is the ampere-turn. It is a convenient unit since it 
eliminates 4v in certain calculations. It 1s derived from the "ampere turn per 
cm." The following table shows the relations between a system built on the 
ampere-turn and the ordinary magnetic units.!' 


11 Dellinger, International system of electric and magnetic units, Nat. Bur. Standards 
Bull., vol. 13, p. 599, 1916. 


Part 4.—The ordinary and the ampere-turn magnetic units 


Ordinary 
Ordinary units in 1 
magnetic Ampere-turn ampere- 
Quantity units units turn unit 
Magnetomotive force ....... 2 gilbert ampere-turn 47/10 
Magnetizing force .......... H gilbert per ampere-turn per 4/10 
cm cm 
Magnetic nuxe ee ee $ max well max well 1 
Magnetic induction ......... B maxwell per maxwell per cm? 1 
cm? gauss gauss 
Permeability леда ве oe и 1 
Я ы ое. R oersted ampere-turn per Ат/10 
maxwell 
Magnetization intensity ..... J maxwell per cm? 1/4r 
Magnetic susceptibility ...... к 1/4т 
Magnetic pole strength...... m max well 1/4т 
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TABLE 4.--ТНЕ МЕУУ (1948) SYSTEM OF ELECTRICAL UNITS 12 


In pursuance of a decision of the International Committee on Weights and 
Measures, the National Bureau of Standards introduced, as of January 1, 
1948, revised values of the units of electricity. This consummated a movement, 
initiated in 1927 by the American Institute of Electrical Engineers, asking that 
the National Bureau of Standards undertake the additional research necessary 
in order that the absolute ohm and absolute ampere based on the cgs electro- 
magnetic system and the absolute volt, watt, and other units derived from 
them could be legalized in place of the international ohm and ampere and their 
derived units. This work was done, and the magnitude of the old international 
units in terms of the adopted absolute units is given in Table 5. This means 
that the electrical units now in use represent, as nearly as it is possible to make 
them, exact multiples of the cgs emu system, with the numerical relations 
shown in Table 6. Units of the new system will actually be maintained, as 
were the old international units, by groups of standard resistors and of standard 
cells, and consequently the change to be made is most simply represented by 
stating the relative magnitudes of the ohms and of the volts of the two systems. 

During the period of transition to the new units, in order to avoid any doubt 
as to the units used in giving precise data, the International Committee on 
Weights and Measures recommended that the abbreviations it. and abs. be 
used with the names of the electrical units. In a few years this will be un- 
necessary, except when referring to old data. 

The international units were intended to be exact multiples of the units of 
the centimeter-gram-second electromagnetic system, but to facilitate their re- 
production, the ampere, the ohm, and the volt were defined by reference to 
three physical standards, namely (1) the silver voltameter, (2) a specified 
column of mercury, and (3) the Clark standard cell. This procedure was 
recommended by the International Electrical Congress of 1893 in Chicago and 
was incorporated in an Act of Congress of July 12, 1894. However, modifica- 
tions of the international system were found to be necessary or expedient for 
several reasons. The original proposals were not sufficiently specific to give 
the precision of values that soon came to be required, and the independent defi- 
nitions of three units brought the system into conflict with the customary 
simple form of Ohm’s Law, /=E/R. Furthermore, with the establishment 
of national standardizing laboratories in several of the larger countries, other 
laboratories no longer needed to set up their own primary standards, and 
facility of reproduction of those standards became less important than the 
reliability of the units. 

In preparation for the expected change in units, laboratories in several 
countries made absolute measurements of resistance and of current. The re- 
sults of these measurements and the magnitudes of the international units as 
maintained in the national laboratories of France, Great Britain, Germany, 
Japan, the U.S.S.R., and the United States were correlated by periodic com- 
parisons of standard resistors and of standard cells sent to the International 
Bureau of Weights and Measures. Nearly all the absolute measurements at 
the National Bureau of Standards were carried out under the direct supervision 
of Harvey L. Curtis, and the results of such measurements at the Bureau 
accepted by the International Committee on Weights and Measures at its 
meeting in Paris in October 1946 are as follows: 


1 mean international ohm = 1.00049 absolute ohms 
] mean international volt — 1.00034 absolute volts 


1? Nat. Bur. Standards Circ. C-459, 1947. 
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The mean international units to which the above equations refer are the 
averages of units as maintained in the national laboratories of the six countries 
(France, Germany, Great Britain, Japan, US Se and U.S.A.) which took 
part in this work before the war. The units maintained by the National Bureau 
of Standards differ from these average units by a few parts in a million, so 
that the conversion factors for adjusting values of standards in this country 
will be as follows: 


1 mean international ohm U.S. = 1.000495 absolute ohms 
1 mean international volt U.S. = 1.000333 absolute volts 


Other electrical units will be changed by amounts shown in Table 5. The 
factors given should be used in converting values given in international units 
in National Bureau of Standards certificates to the new absolute system. 


TABLE 5.—RELATIVE MAGNITUDE OF THE OLD INTERNATIONAL 
ELECTRICAL UNITS AND THE NEW 1948 ABSOLUTE 
ELECTRICAL UNITS 





1.00049 absoiute ohms 
1.00034 absolute volts 
1.000495 absolute ohms 
1.00033 absolute volts 
0.999835 absolute ampere 
0.999835 absolute coulomb 
1.000495 absolute henries 
0 
1 
1 


mean international ohm 
mean international volt 
international ohm (U.S.) 
international volt (U.S.) 
international ampere 
international coulomb 
international henry 
international farad 
international watt 
international joule 


.999505 absolute farad 
.000165 absolute watts 
.000165 absolute joules 


HWE TE TEE tL 


TABLE 6.—RELATIVE VALUES OF THE THREE SYSTEMS OF 
ELECTRICAL UNITS 


Electromagnetic Electrostatic 
Absolute system system * 
Quantity Symbol unit emu esu 
Current strength ... I l ampere = 107 ађатреге = — 3X lO? statampere 
Potential difference.. E 1 volt = 10° abvolts = 1/300 statvolt 
Кезӊ15їапсе ......... R 1 ohm = 10° abohms = (1/9) x 10™ statehm 
Energy donde W  1joule =  10' ergs 107 еге 
Гое Е еЗ p 1 ман = 10° ergs/sec = 10" егрѕ/ѕес 
Capacitance: sn. ess С l farad = "ага "=" 0 ~ 10° Жїлүагага! 
Inductance ........ E l henry = 10? abhenries = — (1/9) Xx 10" E 
enry 


а anaes О l coulomb = £107 abcoulomb= 3 10° statcoulomb 


* Where 3 occurs it is to be taken as 2.99776 (from velocity of light). Where 9 occurs (not as an 
exponent), it is the square of this number. 
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22 TABLE 8.—FORMER ELECTRICAL EQUIVALENTS * 


Abbreviations: int., international ; emu, electromagnetic units; esu, electrostatic units; 


cgs, centimeter-gram-second units. 





RESISTANCE: 
l international ohm = 
1.00051 absolute ohms 
1.0001 int. ohms (France, before 1911) 
1.00016 Board of Trade units (England, 
1903) 
1.01358 B. A. units 
1.00283 “legal ohms” of 1884 
1.06300 Siemens units 
1 absolute ohm = 
0.99949 int. ohms 
] "practical" emu 
10° cgs emu 
1.11262 X 107” cgs esu 


CURRENT: 


l international ampere = 
0.99995 absolute ampere 
1.00084 int. amperes (U. S. before 1911) 
1.00130 int. amperes (England, before 
1906) 
ш int. amperes (England, 1906- 
08 
1.00010 int. amperes (England, 1909- 
10) 
1.00032 int. amperes (Germany, before 
1911) 
1.0002 int. amperes (France, before 
1911) 
1 absolute ampere = 
1.00005 int. amperes 
1 “practical” emu 
0.1 cgs emu 
2.99776 X 10° esu 


ELECTROMOTIVE FORCE: 


] international volt = 
1.00046 absolute volts 
1.00084 int. volts (U. S. before 1911) 
1.00130 int. volts (England, before 1906) 
1.00106 int. volts (England, 1906-08) 
1.00010 int. volts ( England, 1909-10) 
а int. volts (Germany, before 
1.00032 int. volts (France, before 1911) 
1 absolute volt = 
0.99954 int. volt 
1 “practical” emu 
10° cgs emu 
0.00333560 cgs esu 


QUANTITY OF ELECTRICITY : 


(Same as current equivalents.) 
] international coulomb — 
1/3600 ampere-hour 
1/96494 faraday 


CAPACITY : 


l international farad = 
0.99949 absolute farad 
l absolute farad = 
1.00051 int. farads 
] "practical" emu 
10" cgs emu 
8.98776 X. 10" cgs esu 


INDUCTANCE: 


l international henry = 
1.00051 absolute henries 
] absolute henry = 
0.99949 int. henry 
l “practical” emu 
10° emu 
1.11262 X 10” cgs esu 


ENERGY AND POWER: 


(standard gravity = 980.665 ст/ѕес”°) - 
l international joule = 
1.00041 absolute joules 
l absolute joule = 
0.99959 int. joule 
10’ ergs 
0.737560 standard foot-pound 
0.101972 standard kilogram-meter 
0.277778 X 10” kilowatt-hour 


RESISTIVITY; 


1 ohm-cm = 0.393700 ohm-inch 
= 10,000 ohm (meter, mm’) 
= 12,732.4 ohm (meter, mm) 
= 393,700 microhm-inch 
= 1,000,000 microhm-cm 
= 6,015,290 ohm (mil, foot) 
1 ohm (meter, gram) = 5710.0 ohm (mile, 
pound ) 


MAGNETIC QUANTITIES: 


l int. gilbert = 0.99995 absolute gil- 
bert 
= 1.00005 int. gilberts 
= 1.00046 absolute 
maxwells 
1 absolute maxwell = 0.99954 int. max- 
well 


1 absolute gilbert 
l int. maxwell 


1 gilbert = 0.7958 ampere-turn 
1 gilbert per cm = 0.7958 ampere-turn 
per cm 
= 2.021 ampere-turns 
per inch 
1 maxwell = 1 line 


= 10° volt-second 
1 maxwell percm’? = 6.452 maxwells per 
in. 


— ss 


* This table is now superseded by the adoption of the new system of electrical] units in January 1948 


and is given for reference only. 
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TABLE 9.—DERIVATIVES AND INTEGRALS 
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Ут -coscdr 
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Dian ес са 
собе == —csc!rdr 
а ѕесх = ап х зес х ах 
descr =— Otr cscrdr 
dsini =(= r’) idr 
dcos!'r ——(1—x?)dx 
dian = == (1 - Рајт се 
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Cece <=“ (х — || Ро“ 
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dsinhx —coshrdx 
ОСОП = sinh + a+ 
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(continued) 
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+.-.(4 <1) 


+...(4¢7°<1) 


(дл) 
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Taylor's 
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Maclaurin's 
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(47 < 00) 


(«>% 
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(x? < 00) 


(= < 00) 
(ер 
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(х* < СО) 


TABLE 10.—MATHEMATICAL SERIES (concluded) 











- TO eq. М 
tanh.c — 7 — 3 ~ + ТЕ д — 3157 +, 
о о E IM с. 
о utu E c m „ы 
smh r= самые т s Жл я 
1 1 T3 l 13521 
ene) Е o M НЦ 
ПОР s. 4:5 оно 
Е ШІ ШЕТІ 13571 
ерла зул“ 2 2 
tan пр = EI EN o 
n 3 5 Я” Br 
—— о looo LL OT MM 
оба == > = т 6° + 24 д 5040 " +.. 
т 1 sech*r 1 3 sech®r 
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ШЕТ ou o. Los ON 
~ D Б 
(x) = $ bo + bi cos = + bacos =” 4... 
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а, sin “= + as Cos EE E 
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TABLE 11.—MATHEMATICAL CONSTANTS 


p 271925 18239 
e* = 0.36787 94412 


ІИЕ-- logie = 0.43429 44819 
(1) "= [09,10] — 2.30258 50930 
[08 о [ОР ос = 9.63778 43113 


10812 == 0.30102 99957 
log.2 — 0.69314 71806 
logor = М Чогех 
logar = [оре Тор ве 
= [орех — 1овев 
logem = 1.14472 98858 
p = 0.47693 62762 * 


log p = 9.67846 03565 





Numbers 
т = 3.14159 26536 
v? — 9.86960 44011 
1 — 0.31830 98862 


Ут = 1.77245 38509 





Yt — 0.88622 69255 
= — 0.56418 95835 
г 
2 
-= = 1.12837 91671 
W 
т 
МЕ — 1.25331 41373 
М = — 0.79788 45608 
д — 0.78539 81634 
ут — 0.44311 34627 


іт = 4.18879 02048 


< - 1.08443 75514 





т 


* Probable error, modulus of precision. 


2 


~ 


5 
(aue im) 
(те 
(“>И 
(т) 
(4* « 1) 
(x small) 


(x large) 


(+<=) 


eS(—c«xr«c) 


Logarithms 


0.49714 98727 
0.99429 97454 


9.50285 01273 
0.24857 49363 
9.94754 49407 


9.75142 50637 
0.05245 50593 
0.09805 99385 
9.90194 00615 
9.89508 98814 
9.64651 49450 
0.62208 86093 


0.03520 45477 
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26 TABLE 12.—FACTORIALS 
Part 1.—Numerical 
n — я n 
1 Jc 1 1 
2 0.5 2 2 
3 16666 66666 66666 66666 66667 6 3 
4 104166 66666 66666 66666 66667 24 4 
5 00833 33333 33333 33333 33333 120 5 
6 0.00138 88888 88888 88888 88889 720 6 
7 00019 84126 98412 69841 26984 5040 7 
8 00002 48015 87301 58730 15873 40320 8 
9 00000 27557 31922 39858 90653 3 62880 9 
10 .00000 02755 73192 23985 89065 36 28800 10 
11 0.00000 00250 52108 38544 17188 399 16800 11 
12 .00000 00020 87675 69878 68099 4790 01600 12 
13 100000 00001 60590 43836 82161 62270 20800 13 
14 00000 00000 11470 74559 77297 8 71782 91200 14 
15 00000 00000 00764 71637 31820 130 76743 68000 15 
16 0.00000 00000 00047 79477 33239 2092 27898 88000 16 
17 00000 00000 00002 81145 72543 35568 74280 96000 17 
18 00000 00000 00000 15619 20697 6 40237 37057 28000 18 
19 00000 00000 00000 00822 06352 121 64510 04088 32000 19 
20 00000 00000 00000 00041 10318 2432 90200 81766 40000 20 
Part 2.—Logarithmic 
Logarithms of the products 1.2.3....... п, п from 1 % 100. 
n log (n/) n log (n!) n log (n?) n log (n!) 
1 0.000000 26 26.605619 51 66.190645 76 111.275425 
2 0.301030 27 28.036983 52 67.906648 74 113.161916 
3 0.778151 28 29.484141 53 69.630924 78 115.054011 
4 1.380211 29 30.946539 54 71.363318 79 116.951638 
5 2.079181 30 32.423660 55 73.103681 80 118.854728 
6 2.857332 31 33.915022 56 74.851869 81 120.763213 
7 3.702431 32 35.420172 S7 76.607744 82 122.677027 
8 4.605521 33 36.938686 58 78.371172 83 124.596105 
9 5.559763 34 38.470165 59 80.142024 84 126.520384 
10 6.559763 35 40.014233 60 81.920175 85 128.449803 
11 7.601156 36 41.570535 61 83.705505 86 130.384301 
12 8.680337 37 43.138737 62 85.497896 87 132.323821 
13 9.794280 38 44.718520 63 87.297237 88 134.268303 
14 10.940408 39 46.309585 64 89.103417 89 136.217693 
15 12.116500 40 47.911645 65 90.916330 90 138.171936 
16 13.320620 41 49.524429 66 92.735874 91 140.130977 
17 14.551069 42 51.147678 67 94.561949 92 142.094765 
18 15.806341 43 52.781147 68 96.394458 93 144.063248 
19 17.085095 44 54.424599 69 98.23330/ 94 146.036376 
20 18.386125 45 56.077812 70 100.078405 95 148.014099 
21 19.708344 46 57.740570 71  101.929663 96 149.996371 
22 21.050767 47 59.412668 71 103.786996 97 151.983142 
23 22.412494 48 61.093909 73 105.650319 98 153.974368 
24 23.792706 49 62.784105 74 107.519550 99 155.970004 
25 25.190646 50 64.483075 75 109.394612 100 157.970004 
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TABLE 13—FORMULAS FOR MOMENTS OF INERTIA, RADII OF GYRATION, AND 
WEIGHTS OF VARIOUS SHAPED SOLIDS 


In each case the axis is supposed to traverse the center of gravity of the body. The axis is one of 
symmetry. The mass of a unit of volume ts zc. 














Square of 
Moment of radius of 
Rody AXIS Weight inertia I, gyration py" 
Spl [radi Di : Аптот“ Вито 2r 
ісі ПЕШӘ а а iameter —— -- 
B - 3 15 5 
Spheroid of revolution, po- 
lar axis 2a, equatorial di- 2 : a 
: . , 'ar Zk 
ао ЕРУУ Polar axis Атса" 8ттсат" 
3 15 5 
. : 4rwabe 4mwabc (b? + c?) р + с 
Ellipsoid, axis 2a, 2b, 2c.. Axis 2a —— Amwabc( + С) -— 
3 15 5 
Spherical shell, external ra- Е Че — 28) ОР НЕ) 2(15 — r'*) 
Пи terial F . «ss... lameter 3 "ш = We oy үзу 
Ditto, insensibly Шип, га- 2 5 Srwridr 2r? 
dius r, thickness dr..... Diameter 4mwr'dr ED OE. ү 
Circular cylinder, length га, Longitudinal E 
Ка. axis 2a 2mwar? mwar‘ 2 
Elliptic cylinder, length 2a, Longitudinal | СРЕЗЕ 22) Tues: 
transverse axes 2b, 2c... axis 2a 2rwabe "LOG E "XE 
Hollow circular cylinder, E 7 
length 2a, external ra- Longitudinal | | " p rp 
Машо r, internal £....... axis 2a паса (7 — 7") лтоа (7 — "7") 2 
Ditto, insensibly thin, thick- Longitudinal 1 
B E a axis cd 4mieardr Amwar'dr у 
Circular cvlinder, length 2a, Transverse 2 1 ni (Gree da?) Е а? 
Edi m lee Шш. diameter стау Io 2 — <= — 
6 4 3 
Elliptic cylinder, length 2a, Transverse 3 rude dem dui Ji ES 
transverse axes 2a, 2b... axis 20 2riabe X E 1 + n 
Hollow circular cylinder, 
length 2a, external ra- Transverse ) у р № у ) pr n: 
i 1 4 1 u 7 — E —— о о — 
Eus r internal re... diameter 2mwa(r n) 6 Paar =r) 4 T 3 
Ditto, insensibly thin, thick- Transverse 1 a 
Ооа, ............... diameter Аттгағак паса (27 + 3 a’r)dr ls а 
Rectangular prism, dimen- g 2 2 2 2 
Т QUSE veabc (b с ђ C 
5а 25 26....... Axis 2a &wabc нісін е) е 
Rhombic prism, length 2a 5 2 2 2 2 
| а =, ЕГ. 2wabc(b €) b c 
BEnusouals 25, 2€........ Axis 2a J«cabc хе +) 6 
2«val 2 2a?) 2 2 
2wabc(c a С а 
и... Diagonal 2b Атоабс и ES + id 


For further mathematical data see Smithsonian Mathematical Tables, Becker and Van Orstrand 
(Hyperbolic, Circwlar and Exponential Functions) ; Smithsonian Mathematical Formulae and Tables 
of Elliptic Funettous, Adams and Hippisley; Smithsonian Elliptic Functions Tables, Spenceley ; 
Smithsonian Logarithmic Tables, Spenceley and Epperson; Functionentafeln, Jahnke und Emde (xtgx, 
x'tex, Roots of Transcendental Equations, a 4- bi and. re^*, Exponentials, Hyperbolic Functions, 





N 


d sin E COS u got сч | Р 
| E | Е а = du, Fresnel Integral, Gamma Function, Gauss Integral 
" Y 
£ 
c "dy, Pearson Function e| sin^ e"dx, Elliptic Integrals and Functions, Spherical and 


9 ~ 9 


A 


E? 
ут 


Cylindrical Fuuctions, etc.). For further references see under Tables, Mathematical, in the 16th ed. 
Encyclopedia Britannica. See also Carr's Synopsis of Pure Mathematics and Mellor's Higher Mathe- 
matics for Students of Chemistry and Physics. 
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М 0 
10 0000 
11 0414 
12 0792 
13 1139 
14 1461 
15 1761 
16 2041 
17 2304 
ДЕ 2559 
19 2788 
20 3010 
21 3222 
22 3424 
23 3617 
24 3802 
25 3979 
26 4150 
27 4314 
28 4472 
29 4624 
30 4771 
31 4914 
32 5051 
33 5185 
34 5315 
35 5441 
36 5563 
27 5682 
38 5798 
39 5911 
жу 6021 
41 6128 
42 6232 
43 6335 
44 6435 
45 6532 
46 6628 
47 6721 
48 6812 
49 6902 
50 699 
51 7076 
52 7160 
53 7243 
54 7324 


1 
0043 


0828 
1173 
1492 


1790 
2068 
2330 
2577 
2810 


3032 
3243 
3444 
3636 
3820 


3997 
4166 
4330 
4487 
4639 


4786 
4928 
5065 
5198 
5328 


5453 
3575 
5694 
5809 
5922 


6031 
6138 
6243 
6345 
6444 


6542 
6637 
6730 
6821 
6911 


6998 
7084 
7168 
7251 
7332 


2 


0086 
0492 
0864 
1206 
1523 


1818 
2095 
Z399 
2601 
2833 


3054 
3263 
3464 
3655 
3838 


4014 
4183 
4346 
4502 
4654 


4800 
4942 
5079 
5211 
5340 


5465 
5587 
5705 
5821 
5933 


6042 
6149 
6253 
6355 
6454 


6551 
6646 
6739 
6830 
6920 


7007 
7093 
7177 
7259 
7340 


TABLE 14.—LOGARITHMS 


E A — — ш _ —__  — ———_—_—_————є—— = 


3 


0128 
0531 
0899 
1239 
1553 


1847 
2 
2380 
2029 
2856 


3075 
3284 
3483 
3674 
3856 


4031 
4200 
4362 
4518 
4669 


4814 
4955 
5092 
5224 
5393 


5478 
5589 
5717 
5832 
5944 


6053 
6160 
6263 
5365 
6464 


6561 
6656 
6749 
6839 
6928 


7016 
7101 
7185 
7267 
7348 
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“ 


0170 
0569 
0934 
1271 
1584 


1875 
2148 
2405 
2648 
2878 


3096 
3304 
3502 
3692 
3874 


4048 
4216 
4378 
4533 
4683 


4829 
4969 
5105 
5237 
5366 


5490 
5611 
5729 
5843 
5955 


6064 
6170 
6274 
6375 
6474 


6571 
6665 
6758 
6848 
6937 


7024 
7110 
7193 
7275 
7356 


5 


0212 
0607 
0969 
1303 
1614 


1903 
2175 
2430 
2672 
2900 


3118 
3324 
4922 
3711 
3892 


4055 
4232 
4393 
4548 
4698 


4843 
4983 
5179 
5250 
5378 


5502 
5623 
5740 
5855 
5966 


6075 
6180 
6284 
6385 
6484 


6580 
6675 
6767 
6857 
6946 


7033 
7118 
7202 
7284 
7364 


(continued) 


6 


0253 
0645 
1004 
1335 
1644 


1931 
2201 
2455 
2695 
2923 


SLU 
3345 
354] 
3729 
3909 


4082 
4249 
4409 
4564 
4713 


4857 
4997 
5132 
5263 
5391 


5514 
5635 
5752 
5866 
5977 


6085 
6191 
6294 
6395 
6493 


6590 
6684 
6776 
6866 
6955 


7042 
7126 
7210 
7292 
7372 


7 


0294 
0682 
1038 
1367 
1673 


1959 
2227 
2480 
2718 
2945 


3160 


3365 
3560 
3747 
3927 


4099 
4265 
4425 
4579 
4728 


4871 
5011 
5145 
5276 
5403 


5520 
5647 
5763 
5877 
5988 


6096 
6201 
6304 
6405 
6503 


6599 
6693 
6785 
6875 
6964 


7050 
7199 
7218 
7300 
7380 


8 


0334 
0719 
1072 
1399 
1703 


1987 


0374 
0755 
1106 
1430 
1732 


2014 
2279 


2765 
2989 


3201 


ммм м мог DO DOD &W GW C3 C9 Co 4 d жш 


[od bæ p— pů pd ыы = — ыы > -— pi b pů 'p— pt 


інкей --й |--і |с-і em 


о А О У hb ммм NNNNN 55559595969 (955655559 ъъ. > лол СС моо оо м 


М мос с сә сә С Со Сә C3 C9 C3 C2 C9 www > ARA... humdi аби © © 210000 


WW W WG 4 Ј 4 + Б <= 4 + 4 Д> > сл сл сл єл ол ол \слС С хо е мм 732000000 Oo 


ACRAS. > > лол бели дО ОО с NANN™N | ~ оо 00 со ~ Wo 


М 0 1 


55 7404 7412 
56 7482 7490 
57 7559 7566 


59 7709 7716 


60 7782 7789 
61 7853 7860 
62 7924 7951 
63 7993 8000 
64 8062 8069 


65 8129 8136 
66 8195 8202 
67 8261 8267 
68 8325 8331 
69 8388 8395 


10 8451 8457 
71 8513 8519 
72 8573 8579 
8639 
74 8602 8698 


75 075] еле 
76 8808 8814 
77 8865 8871 
78 5921080077 
79 8976 8982 


80 9051 9036 
81 9085 9090 
82 9138 9143 
83 9191 9196 
84 9243 9248 


85 9294 9299 
86 9345 9350 
87 9305 9400 
88 0445 9450 
89 9494 9199 


90 9542 9547 
91 9590 9595 
92 9638 9643 
9689 
94 ОЗ 9736 


95 9777 9782 
96 982319827 
97 9868 9872 
98 9912 9917 
99 995602 9961 


TABLE 14.—LOGARITHMS (continued) 


2 


7419 
7497 
7574 
7649 
7723 


7796 
7868 
7938 
8007 
8075 


8142 
8209 
8274 
8338 
8401 


8463 
8525 
8585 
8645 
8704 


8762 
8820 
8876 
8932 
8987 


9042 
9096 
9149 
9201 
0253 


9304 
9355 
9405 
9455 
9504 


в 
9000 
9647 
9694 
9741 


9786 
9832 
9877 
9921 
9965 


8993 


9047 
9101 
9154 
9206 
9258 


9309 
9360 
9410 
9460 
9509 


9557 
9605 
9652 
9699 
9745 


9791 
9836 
9881 
9926 
9969 
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4 
7435 


5 
7443 
7520 
1597 
7672 
7745 


7818 


2 7889 


7959 
8028 
8096 


8162 
8228 
8293 
8357 
8420 


8482 
8543 
8603 
8663 
8722 


8779 
8837 
8893 
8949 
9004 


9058 
9112 
9165 
9217 
9269 


9520 
9370 
9420 
9469 
9518 


9566 
9614 
9661 
9708 
9754 


9800 
9845 
9890 
9934 
9978 


(continued) 


9063 
9117 
9170 
9222 
9274 


9325 
9375 
9425 
9474 
9523 


9571 
9619 
9666 
DAS 
9759 


9805 
9850 
9894 
9928 
9983 


8 
7466 
7543 
7619 
7694 
7767 


7839 
7910 
7980 
8048 
8116 


8182 
8248 
8312 
8376 
8439 


8500 
8561 
8621 
8681 
8739 


8797 
8854 
8910 
8965 
9020 


9074 


9284 
9335 


9533 


0581 
0628 
9675 
9722 
9768 


9814 
9859 
9903 
9945 
чоо 


8445 


6506 
8567 
8627 
8686 
8745 


8802 
8859 
8915 
8971 
9025 


9079 
ӘЛІ? 
9186 
9238 
9289 


9340 
9390 
9440 
9489 
9538 


9586 
9633 
9680 
9727 
9773 


9818 
9863 
9908 
J952 
9996 


29 
Р.Р. 

Уд 
TONES T 
(22 40 
12 2 ЗИ 
i 2 ome 
LAS 
1112 
IE 2 NES 
I o 8: 
1o ENS 
i 2 S 
1 2 Е 
IA 2» SEE 
IM o NE 
MEM, TE 
EL Oo EN: 
IU 2 SES 
DE 2 2 
Ж. 
ІШ 2 ees 
ГИ UE 
ШІ 2 282 
ШІ 2 №: 
NEMO ON 
EE 2o Ж ; 
EMO NE 
ES? ON 
INE S 2 Ж 
i 2 E 
E 2 Ж 
mE 2 №: 
ПІ? ES 
ПӘН > DENS 
ІІ > 2 
Өлі Ж 
0771 Ж 
о 1 Б 
СОВ l D 
ош 1 Ж 
(ӨШ 1 - 
олі Ж 
ОЛІ 1 NEP 
СОЕ ар 
om i 
БЕ 2 
01 122 
от 


124 


129 
130 


132 
133 
134 


135 
136 
137 
138 
139 


140 
141 
142 
143 
144 


145 
146 


148 
149 


0 
0000 
0043 
0086 
0128 
0170 


0212 
0253 
0294 
0334 
0374 


0414 


0492 
0531 
0569 


0607 
0645 
0682 
0719 
0755 


0792 
0828 
0864 


0934 
0969 


1038 
1072 
1106 


1139 
s 
1206 
1239 
1271 


1303 
1355 
1367 
1399 
1430 


1461 
1492 
1523 
1553 
1584 


1614 
1644 
1673 
1703 
1732 


TABLE 14.—LOGARITHMS (continued) 


1735 


0095 
0137 
0179 


0220 
0261 
0302 
0342 
0382 


0422 
0461 
0500 
0538 
0577 


0615 
0652 
0689 
0726 
0763 


0799 
0835 
0871 
0906 
0941 


0976 
1011 
1045 
1079 
1113 


1146 
1179 
1212 
1245 
1278 


1310 
1342 
1374 
1405 
1436 


1467 
1498 
1529 
1550 
1590 


1620 
1649 
1679 
1708 
1738 
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3 
0013 


0056 
0099 


0141 
0183 


0224 
0265 
0306 
0346 
0386 


0426 
0465 
0504 
0542 
0580 


0618 
0656 
0693 
0730 
0766 


0803 
0839 
0874 
0910 
0945 


0980 
1014 
1048 
1082 
1116 


1149 
1183 
1216 
1248 
1281 


1315 
1345 
1377 
1408 
1440 


1471 
1501 
1532 
1562 
1593 


1623 
1652 
1682 
1711 
1741 


4 
0017 
0060 
0103 
0145 
0187 


0228 
0269 
0310 
0350 
0390 


0430 
0469 
0508 
0546 
0584 


0622 
0660 
0697 
0734 
0770 


0806 
0842 
0878 
0913 
0948 


0983 
1017 
1052 
1086 
1119 


1153 
1186 
1219 
1252 
1284 


1316 
1348 
1380 
1411 
1443 


1474 
1504 
1535 
1565 
1596 


1626 
1655 
1685 
1714 
1744 


5 
0022 
0065 
0107 
0149 
0191 


0233 
0273 


1629 
1658 
1688 
1717 
1746 


(continued) 


6 
0026 
0069 


1602 


1632 
1661 
1691 
1/20 
1749 


1 
0030 
0073 
0116 
0158 
0199 


0241 
0282 
0322 
0362 
0402 


0441 
0481 
0519 
0558 
0596 


0633 
0671 
0708 
0745 
0781 


0817 


1294 


1326 
1358 
1389 
1421 
1452 


1483 
1514 
1544 
1575 
1605 


1635 
1664 
1694 
1729 
1752 


8 
0035 
0077 
0120 
0162 
0204 


0245 
0286 
0326 
0366 
0406 


0445 
0484 
0523 
0561 
0599 


0637 


9 
0039 
0082 
0124 
0166 
0208 


0249 
0290 
0330 
0370 
0410 


0449 
0488 
0527 
0565 
0603 


0641 
0678 
0715 
0752 
0788 


0824 
0860 
0896 
0931 
0966 


1000 
1035 
1069 
1103 
1136 


1169 
1202 
1235 
1268 
1300 


1932 
1364 
1396 
1427 
1458 


1489 
1520 
1550 
1581 
1611 


1641 
1670 
1700 
1729 
1758 


10 


174 


175 
176 
177 
178 
179 


180 
181 
182 
183 
184 


185 


0 
1761 
1790 
1818 
1847 
1875 


1903 
1931 
1959 
1987 
2014 


2041 
2068 
2095 
2122 
2148 


2175 
2201 
2024 
2259 
2279 


2304 
2330 
2398 
2380 
2405 


2430 
2455 
2480 
2504 
2529 


2553 
2577 
2601 
2625 
2648 


20/2 
2695 
2718 
2742 
2765 


2788 
2810 
2833 
2856 
2878 


2900 
2923 
2945 
2967 
2989 


TABLE 14.—LOGARITHMS (concluded) 


1 
1764 
1793 
1821 
1850 
1878 


1906 
1934 
1962 
1989 
2017 


2044 
2071 


2 
1767 
1796 
1824 
1853 
1881 


1909 
1937 
1965 
1922 
2019 


2047 
2074 
2101 
2127 
2154 


2180 
2206 
2232 
2298 
2284 


2210 
23490 
2360 
2385 
2410 


2435 
2460 
2485 
2509 
2539 


2558 
2582 
2605 
2629 
2653 


2676 
2700 
2723 
2746 
2769 


2792 
2815 
2838 
2860 
2882 


2905 
2927 
2949 
2971 
2993 
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3 
1770 
1798 
1827 
1855 
1884 


1912 
1940 
1967 
1995 
2022 


2049 
2076 
2103 
2130 
2156 


2183 
2209 
2035 
2261 
2287 


2912 
2338 
2363 
2388 
2413 


2438 
2463 
2487 
2512 
2536 


2560 
2584 
2608 
2002 
2655 


2679 
2702 
2/29 
2/49 
2/72 


2/94 
2817 
2840 
2862 
2885 


2907 
205] 


2073 
2995 


4 
1772 
1801 
1830 
1858 
1886 


1915 
1942 
1970 
1998 
2025 


2052 
2079 
2106 
2133 
2159 


2185 
2212 
2238 
2202 
2289 


2318 
2340 
2365 
2390 
2415 


2440 
2465 
2490 
2514 
2538 


5 
1775 


7 
1781 
1810 
1838 
1867 
1895 


1923 
1951 
1978 
2006 
2033 


2060 
2087 
2114 
2140 
2167 


2193 
2219 
2245 
227] 
2297 


2322 
2348 
2373 
2398 
2423 


2448 
2472 
2497 
Z521 
2545 


2570 
2594 
2617 
2641 
2665 


2688 
2711 
2735 
2758 
2761 


2804 





22 TABLE 15.—CIRCULAR (TRIGONOMETRIC) FUNCTIONS * 
Sines Cosines Tangents Cotangents 
Radi- De- 
ans grees Nat. Log. Nat. Log. Nat. Log. Nat. Log. 
0.0000 0°00’ 0000 СО 1.0000 0.0000 .0000 © СО eo 90*00' 1.5708 
0.0029 10 .0029 7.4637 1.0000 .0000 .0029 7.4637 343.77 2.5363 50 1.5679 
0.0058 20 0058 .7648 1.0000 .0000 .0058 .7648 171.89 2392 40 1.5650 
0.0087 30 0087 .9408 1.0000 .0000 .0087 .9409 114.59 ‚0591 30 1.5621 
0.0116 40 .0116 8.0658 .9999 .0000 .0116 8.0658 85.940 1.9342 20 1.5592 
0.0145 50 0145 1627 9959 .0000 .0145 1627 68.750 .8373 10 1.5563 
0.0175 1°00’ 0175 8.2419  .9998 9.9999  .0175 8.2419 57.290 1.7581 89*00' 1.5533 
0.0204 10 0204 .3088 .9098 .9999  .0204 .3089 49.104  .6911 50 1.5504 
0.0233 20 (0233 .3668 .9997 .9999 .0233 .3669 42.964 .6331 40 1.5475 
0.0262 30 (0262 .4179 .9997 .9999 .0262 4181 38188 .5819 30 1.5446 
0.0291 40 0291 .4637  .9996 .9998  .0291 .4638 34.368  .5362 20 1.5417 
0.0320 50 .0320 .5050  .9995 .9998 .0320 .5053 31.242  .4947 10 1.5388 
0.0349 2°00’ 0349 8.5428 .9994 9.9997 .0349 8.5431 28.636 1.4569 88°00’ 1.5359 
0.0378 10 0378 .5776 .9993 .9997 .0378 .5779 26.432 .4221 50 1.5330 
0.0407 20 0407 .6097 .9992 .9966  .0407 .6101 24.542  .3899 40 1.5301 
0.0436 30 .0436 .6397 .9990 .9996  .0437 .6401 22.904 .3599 300 1.5272 
0.0465 40 0465 .6677 .9989 .9995 .0465 .6682 21.470  .3318 20m 1.5243 
0.0495 50 0494 6940 (9988 .9995 .0495 .6945 20.206 .3055 10 1.5213 
0.0524 3°00’ .0523 8.7188 .9986 9.9994 .0524 8.7194 19.081 1.2806 87°00° 1.5184 
0.0553 10 0552 .7423 .9985 .9993  .0553 .7429 18.075 2.2571 50 1.5155 
0.0582 20 0581 .7645 .9983 .9993 .0582 .7652 17.169  .2348 40 1.5126 
0.0611 30 0610 .7857 .9981 .9992 .0612 .7865 16.350 22135 30 1.5097 
0.0640 40 0640 .8059 .9980 .9991 .0641 .8067 15605 11933 20 1.5068 
0.0669 50 0660 .8251 .9978 .9990 .0670 .8261 14.924  .1739 10 1.5039 
0.0608 4°00’ .0698 8.8436 .9976 9.9989 .0699 8.8446 14.301 1.1554 86°00’ 1.5010 
0.0727 10 0727 .8613 .9974 .9989  .0729 .8624 13.727  .376 56 1.4981 
0.0756 20 .0756 .8783  .9971 .9988  .0758 .8795 13.197  .1205 40 1.4952 
0.0785 30 0785 .8946  .9969 .9987  .0787 .8960 12.706  .1040 30 1.4923 
0.0814 40 0814 .9104 .9967 .9986  .0816 .9118 12.251  .0882 20 1.4893 
0.0844 50 .0843 .9256  .9964 .9985 .0846 .9272 11.826 .0728 10 1.4864 
0.0873 5°00’ .0872 8.9403 .9962 9.9983 .0875 8.9420 11.430 1.0580 85°00° 1.4835 
0.0902 10 0901 .9545 .9959 .9982 0904 .9563 11.059 .0437 50 1.4806 
0.0931 20 .0929 .0682 .9957 .9981 .0934 .9701 10.712 .0299 40 1.4777 
0.0960 30 .0958 .9816 .9954 .9980 .0963 .9836 10.385 0164 30 1.4748 
0.0989 40 0087 .9945 .9951 .0979 .0992 .9966 10.078 1.0034 20 1.4719 
0.1018 50 1016 9.0070 .9948 .9977 .1022 9.0093 9.7882 0.9907 10 1.4690 
0.1047 6°00’ 1045 9.0102 .9945 9.9976 .1051 9.0216 9.5144 0.9784 84°00’ 1.4661 
0.1076 10 1074 .0311  .9942 .9975 .1080 .0336 0,2553 .9664 50 1.4632 
0.1105 20 .1103 .0426 9939 .9973 1110 .0453 9.0098 .9547 40 1.4603 
0.1134 30 1132 .0539 .9936 .9972 1139 .0567 8.7760 .9433 30 1.4574 
0.1164 40 1161 .0648 .9932 .9971 1169 .0678 8.5555 .9322 20 1.4544 
0.1193 50 .1190 .0755  .9929 .9969  .1198 .0786 8.3450 .9214 10 1.4515 
0.1222 7°00 .1219 9.0859 .9925 9.9968 1228 9.0891 8.1443 0.9109 83°00° 1.4486 
0.1251 10 .1248 .0961 .9922 .9966 .1257 .0995 7.9530 .9005 50 1.4457 
0.1280 20 1276 1060 2.9918 .9964 .1287 .1096 7.7704 .8904 40 1.4428 
0.1309 30 1305 1157 9914 .9963 11317 .1194 7.5958 .8806 30 1.4399 
0.1338 40 1334 1252 9911 .9961 1546 .1291 7.4287 .8709 20 1.4370 
0.1367 50 11363 .1345 .9907 .9959 .1376 .1385 7.2687 .8615 10 1.4341 
0.1396 8°00’ 1392 9.1436 .9903 9.0958 1405 9.1478 7.1154 0.8522 829007 1.4312 
0.1425 10 1421 .1525 .9899 .9956 .1435 .1569 6.9682 .9431 50 1.4283 
0.1454 20 .1449 .1612 .9894 .9954  .1465 .1658 6.8269 .8342 40 1.4254 
0.1484 30 .1478 .1697  .9890 .9952 1495 .1745 6.6912 .8255 30 1.4224 
0.1515 40 .1507 .1781 .9886 .9950 .1524 .1831 6.5606 .8169 20 1.4195 
0.1542 50 1536 .1863 .9881 .9948 11554 .1915 6.4348 .8085 10 1.4166 
0.1571 9°00’ .1564 9.1943 .9877 9.9946 .1584 9.1997 6.3138 0.8003 819007 1.4137 
Nat. Log. Хас По” Nat. Log. Nat. Log. 
аа Унаа ——_/ Ре Radi- 
Cosines Sines Cotangents Tangents grees ans 


* Taken from B. O. Peirce’s Short table of integrals, Ginn & Co. 
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(continued 


Radi- 
ans 
0.1571 
0.1600 
0.1629 
0.1658 
0.1687 
0.1716 


0.1745 
0.1774 
0.1804 
0.1833 
0.1862 
0.1891 


0.1920 
0.1949 
0.1978 
0.2007 
0.2036 
0.2065 


0.2094 
07123 
0.2153 
0.2182 
0.2211 
0.2240 


0.2269 
0.2208 
0.2327 
0.2356 
0.2385 
0.2414 


0.2443 
0.2473 
0.2502 
0.2531 
0.2560 
0.2589 


0.2618 
0.2647 
0.2676 
0.2705 
0.2734 
0.2763 


0.2793 
0.2822 
0.2851 
0.2880 
2.2909 
).2938 


0.2967 
0.2996 
0.3025 
0.3054 
0.3083 
0.3113 


0.3142 


TABLE 15.—CIRCULAR (TRIGONOMETRIC) FUNCTIONS (continued) 


D Sines Cosines Tangents Cotangents 
e- EN 
grees Nat. Log. Nat. Log. Nat. Log. Nat. Log. 
9°00’ 1564 9.1043 .9877 9.9946 .1584 9.1097 6.3138 0.8003 81°00’ 
10 1593 2022 9872 .9044 4514 2078 6.1970 .7922 50 
20 1622 .2100 .9868 .9942 1644 .2158 6.0844 .7842 40 
30 1650 .21/6 .9863 .9940 .1673 .2236 5.9757 .7764 30 
40 10/2 2251 9858 0938 1705 2217 58708 7687 20 
50 1708 .2324  .9853 .9936 .1733 .2389 5.7694 .7611 10 
10900" .1736 9.2397 .9848 9.9934 .1763 9.2463 5.6713 0.7537 80°00’ 
10 1765 .2468 .9843 .9931 .1793 .2536 5.5764 .7464 50 
20 1794 2538 .9838 9929 1823 .2609 5.4845 .7391 40 
30 1822 .2606 .9833 .9927 1853 .2680 5.3955 .7320 30 
40 .1851 .2674  .9827 .9924  .1883 .2750 5.3093 .7250 20 
50 .1880 .2740 .9822 .9922  .1914 .2819 5.2257 .7181 10 
11°00’ .1908 9.2806 .9816 9.9919 .1944 9.2887 5.1446 0.7113 79* 00' 
10 1937 .2870  .9811 .9917  .1974 .2953 5.0658 .7047 50 
20 1965 .2934 .9805 .9914  .2004 .3020 4.9894 .6980 40 
30 1994 .2997  .9799 .9912 2035 .3085 4.9152 .6915 30 
40 2022 .3058 .9793 .9909 .2065 .3144 4.8430 .6851 20 
50 22051 .3119 .9787 .9907 2.2095 .3212 4.7729 (6788 10 
12°00’ 2079 9.3179 .9781 9.9904 .2126 9.3275 4.7046 0.6725 78200” 
10 2108 .3238 .9775 .9901 2.2156 .3336 4.6382 .6664 50 
20 .2136 .3296 .9769 .9899 2.2186 .3397 4.5736 .6603 40 
30 .4164 .3353  .9763 .9896  .2217 .3458 4.5107 .6542 30 
40 .2193 .3410 9757 .9803  .2247 .3517 4.4494 .6483 20 
50 .2221 .3466 .9750 .9890  .2278 .3576 4.3897 .6424 10 
13°00’ .2250 9.3521 .9744 9.9887 .2309 9.3634 4.3315 0.6366 77°00' 
10 .2278 .3575 0.9737 .9884  .2339 .3691 4.2747 .6309 50 
20 .2306 .3629 .9730 .9881 .2370 .3748 4.2193 .6252 40 
30 .2334 .3682  .9724 .9878  .2401 .3804 4.1653 .6196 30 
40 499) 371 9717 9875 2432 389 41125 6101 20 
50 22301 .3786  .9710 .9872  .2462 .3914 4.0611 .6086 10 
14°00’ 2419 9.3837 .9703 9.9869 .2493 9.3968 4.0108 0.6032 76°00' 
10 (2447 .3887 .9696 .9866 .2524 .4021 3.9617 .5979 50 
20 2476 .3937 .9689 .9863 .2555 .4074 3.9136 .5926 40 
30 .2504 .3986 .9681 .9859 .2586 .4127 3.8667 .5873 30 
40 2532 .4035 .9674 .986 2.2617 .4178 3.8208 .5822 20 
50 2560 .4083 .9667 .9853 .2648 4230 3.7760 .5770 10 
15°00’ .2588 9.4130 .9659 9.9849 .2679 9.4281 3.7321 0.5719 75700 
10 2616 .4177 .9652 .9846 2711 4331 3.6891 .5669 50 
20 2644 .4223 .9644 .9843 .2742 4381 3.6470 .5619 40 
30 2672 .4260 .9636 .9839 2.2773 4430 3.6059 .5570 30 
40 2700 4314 .9628 .9836 .2805 .4479 3.5656 .5521 20 
50 2728 4350 9621 9832 2926 4527 3.5261 (54703 10 
16200” 22756 9.4403 .9613 9.9828 .2867 9.4575 3.4874 0.5425 74°00’ 
10 2784 .4447 .9605 .9825 .2899 4622 3.4495 .5378 50 
20 (2812 44901 .9596 .9821 .2931 .4669 3.4124 .5331 40 
30 (2840 .4533 .9588 .0817 .2962 .4716 3.3759 .5284 30 
40 (2868 .4576 .9580 .9814 .2994 .4762 3.3402 .5238 20 
50 22896 .4618 .9572 .9810 .3026 .4808 3.3052 .5192 10 
17°00’ .2924 9.4659 .9563 9.9806 .3057 9.4853 3.2709 0.5147 73°00’ 
10 2952 .4700 .9555 .9802 .3089 .4898 3.2371 .5102 50 
20 22970 .4741 .9546 .9798  .3121 .4943 3.2041 .5057 40 
30 3007 .4781  .9537 .9794  .3153 .4987 3.1716 .5013 30 
40 .3035 .4821 .9528 .9709  .3185 .5031 3.1397 .4969 20 
50 .3062 .4861  .9520 .9786  .3217 .5075— 3.1084 4925 10 
18°00’ .3090 9.4900 .9511 9.9782 .3249 9.5118 3.0777 0.4882 72°00’ 
Nat. Log. Nat. Log. Nat. Log. Nat. Log. Б 
Совіпев Sines Cotangents Tangents eres 
(continued) 
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ОЈ 


1.4137 
1.4108 
1.4079 
1.4050 
1.4021 
(52722 


1.3963 


34 


Radi- 
ans 
0.3142 
0.3171 
0.3200 
0.3229 
0.3258 
0.3287 


0.3316 
0.3345 
0.3374 
0.3403 
0.3432 
0.3462 


0.3491 
0.3520 
0.3549 
0.3578 
0.3607 
0.3636 


0.3665 
0.3694 
(13/23 
0.3752 
0.3782 
0.3811 


0.3840 
0.3869 
0.3898 
0.3927 
0.3956 
0.3985 


0.4014 
0.4043 
0.4072 
0.4102 
0.4131 
0.4160 


0.4189 
0.4218 
0.4247 
0.4276 
0.4305 
0.4334 


0.4363 
0.4392 
0.4422 
0.4451 
0.4480 
0.4509 


0.4538 
0.4567 
0.4596 
0.4625 
0.4654 
0.4683 


0.4712 


TABLE 15.—CIRCULAR (TRIGONOMETRIC) FUNCTIONS (continued) 


27°00' 


Sines 


Nat. Log. 


.3090 9.4900 
3116 
3145 
29179 
„3201 
3228 


3256 9.5126 
„3283 
oul 
„3338 
3365 
2229 


3420 9.5341 
3448 
3475 
3302 
ES 
9597 


.3584 9.5543 
.3611 
.3638 
.3665 
.3692 
‚3719 


3746 9.5736 
3773 
„3800 
3627 
„3854 
„3881 


.3907 9.5919 
.3934 
.3961 
13984 
4014 
.4041 


.4067 9.6093 
.4094 
.4120 
.4147 
.4173 
.4200 


.4226 9.6259 
.4253 
.4279 
.4305 
.4331 
.4358 


.4384 9.6418 
.4410 
.4436 
.4462 
.4488 
4514 


.4540 9.6570 


.4939 
.4977 
.5015 
5052 
‚5090 


.5163 
ЛЕЙ 
.5235 
3270) 
.5306 


.5375 
.5409 
.5443 
.5477 
.5510 


{00/0 
‚5609 
‚5641 
‚5673 
.5704 


.5767 
.5798 
.5828 
.5859 
.5889 


.5948 
.5978 
.6007 
.6036 
.6065 


.6121 
.6149 
.6177 
.6205 
.6232 


.6286 
‚6313 
‚6340 
.6366 
.6392 


.6444 
.6470 
.6495 
.6521 
‚6546 


Nat. Log. 
—— am 1 


Cosines 
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Cosines Tangents 
Nat. Log. Nat. Log. 
.9511 9.9782 .3249 9.5118 
(0502 .9778 .3281 .5161 
9492 .9774 .3314 .5203 
(9483 .9770 .3346 .5245 
9474 .9765  .3378 .5287 
9465 .9761  .3411 .5329 
9455 9.9757 .3443 9,5370 
9446 .9752 .3476 .5411 
9436 .9748 .3508 .5451 
9426 .9743 .3541 .5491 
9417 .9739 .3574 .5531 
9407 .9734 .3607 .5571 
(9397 9.9730 2.3640 9.5611 
9387 .9725 2.3673 .5650 
99377 .9721  .3706 .5689 
99367 .9716  .3739 .5727 
9356 .9711  .3772 .5766 
(9346 .9706 .3805 .5804 
.9336 9.9702 .3839 9.5842 
(0325 .9697 .3872 .5879 
9315 .9692 .3906 .5917 
9304 9687 .3939 .5954 
(92093 .9682  .3973 .599] 
99283 .9677 .4006 .6028 
(9272 9.9672 .4040 9.6064 
9261 .9667 .4074 .6100 
(9250 9661 .4108 .6136 
9239 .9656 .4142 .6172 
(9228 .0651 .4176 .6208 
9216 .9646 .4210 .6243 
.9205 9.9640 .4245 9.6279 
9194 .9635 .4279 .6314 
9182 .9629 .4314 .6348 
9171 .9624  .4348 .6383 
9159 .9618  .4383 .6417 
99147 .9613  .4417 .6452 
9135 9.9607 .4452 9.6486 
9124 .9602 .4487 .6520 
9112 .9596 2.4522 .6553 
.9100 .9590 .4557 .6587 
9088 .9584 .4592 .6620 
9075 .9579 .4628 .6654 
9063 9.9573 .4663 9.6687 
9051 .9567 .4609 .6720 
29038 .9561 .4734 .6752 
2026 .9555 .4770 .6785 
013 .9549 .4806 .6817 
9001 .9543 .4841 .6850 
8988 9.9537 .4877 9.6882 
8975 .9530 .4913 .6914 
8062 .9524 .4950 .6946 
8949 .9518 .4986 .6977 
8936 .9512 .5022 .7009 
(8023 .9505 .5059 .7040 
8910 9.9499 .5095 9.7072 
Nat. Log. Nat. Log. 

Sines Cotangents 

( continued) 


Cotangents 


Nat. Log. 
3.0777 0.4882 
3.0475 .4839 
3.0178 .4797 
2.9887 .4755 
2.9600 .4713 
2.9319 .4671 


2.9042 0.4630 
2.8770 .4589 
2.8502 .4549 
2.8239 .4509 
2.7980 .4469 
2.7725 .4429 


2.7475 0.4389 
2.7228 .4350 
2.6985 .4311 
2.0746 .4273 
2.6511 .4234 
2.6279 .4196 


2.6051 0.4158 
2.5826 121 
2.5605 .4083 
2.5386 .4046 
2.5172 .4009 
2.4960 .3972 


2.4751 0.3936 
2.4545 .3900 
2.4342 .3864 
2.4142 .3828 
2.3945 .3792 
2.3750 3157 


2.3559 0.3721 
2.3309 .3086 
2.3183 .3652 
2.2998 .3617 
2.2817 .3583 
2.2637 .3548 


2.2460 0.3514 
2.2286 .3480 
2.2113 .3447 
2.1943 .3413 
2.1775 .3380 
2.1609 .3346 


2.1445 0.3313 
2.1283 (3580 
2.1123 .3248 
2.0985 3205 
2.0809 .3183 
20055 82150 


2.0503 0.3118 
2.0353 .3086 
2.0204 .3054 
2.0057 .3023 
1.9912 .2991 
1.9768 .2960 


1.9626 0.2928 
Nat. Log. 


Tangents 


72*00' 


1.2566 
1.2537 
1.2508 
1.2479 
1.2450 
1.2421 


1.2392 
1.2363 
1.2334 
1.2305 
12275 
1.2246 


12217 
1.2188 
1.2159 
1.2130 
1.2101 
1.2072 


1.2043 
1.2014 
1.1985 
1.1956 
1.1926 
1.1897 


1.1868 
1.1839 
1.1810 
1.1781 
1.1752 
1.1723 


1.1694 
1.1665 
1.1636 
1.1606 
11577 
1.1548 


1.1519 
1.1490 
1.1461 
1.1432 
1.1403 
1.1374 


1.1345 
11516 
1.1286 
1.1257 
1.1228 
1.1199 


1.1170 
1.1141 
11112 
1.1083 
1.1054 
1.1025 


1.0996 
Radi- 


ans 


Radi- 
ans 
0.4712 
0.4741 
0.4771 
0.4800 
0.4829 
0.4858 


0.4887 
0.4916 
0.4945 
0.4974 
0.5003 
0.5032 


0.5061 
0.5091 
0.5120 
0.5149 
0.5178 
0.5207 


0.5236 
0.5265 
0.5294 
15323 
05352 
0.5381 


0.5411 
0.5440 
0.5469 
0.5498 
0.5527 
0.5556 


0.5585 
0.5614 
0.5643 
0.5672 
0.5701 
0.5730 


0.5760 
0.5789 
0.5818 
0.5847 
0.5876 
0.5905 


0.5934 
0.5963 
0.5992 
0.6021 
0.6050 
0.6080 


0.6109 
0.6138 
0.6167 
0.6196 
0.6225 
0.6254 


0.6283 


TABLE 15.—CIRCULAR (TRIGONOMETRIC) FUNCTIONS (continued) 


Sines Cosines Tangents Cotangents 
De- - о 
grees Nat. Log. Nat. Log. Nat. Log. Nat. Log. 
27°00' .4540 9.6570 .5910 9,9400 .5095 9.7072 1.9626 0.2928 63°00’ 
10 4506 .0595 .8897 .9492 (5132 .7103 1.9486 .2897 50 
20 4592 .6620 .5884 .04866 .5169 .7134 1.9347 .2966 40 
30 4617 .0644 8870 .9479 .5206 .7165 19210 .2835 30 
40 4043 .6608 | .8857 .9473  .5243 71%6 1.5074 .2804 20 
50 4669 .6692  .8843 .9466 .5280 .7226 1.8940 .2774 10 
28*00' .4695 9.60716 | .8829 9,0450 .5317 97257 1.8807 0.2743 62°00' 
10 4720 .6740 .8816 .9453 .5354 .7287 1.8676 .2713 50 
20 .4746 .6763 .8802 .9446 .502 7317 1.8546 .2683 40 
30 4772. .6787 .8788 .439 .5430 .7348 1.8418 .2652 30 
40 4797 (810 .8774 .9432 .5407 .7378 1.8291 .2622 20 
50 4823 .6833 .8760 .9425 .5505 .7408 1.8165 .2592 10 
29°00’ 4848 9.6856 .8746 9.9418 .5543 9.7438 1.8040 0.2562 61°00’ 
10 4874 .6878 8732 911 .5581 .7467 1.7917 .2533 50 
20 4899 .0901 8718 .9404 .5619 .7497 1.7796 .2503 40 
30 4024 6923 .8704 .9397 .5658 .7526 1.7675 .2474 30 
40 4950 .6946 .8689 .9390 .5096 .7556 1.7556 .2444 20 
50 .4975 .6968 .8675 .9383 .5735 .7585 1.7437 .2415 10 
30°00’ .5000 9.6990 .8060 9.9375 .5774 9.7614 1.7321 0.2386 60700" 
10 5025 .7012 .8646 .9368 .5812 .7644 1.7205 .2356 50 
20 „5050 703: .8631 901 5850. 7673. 1.7090 2327 40 
30 5075 .7055 .8616 .9353 .5890 .7701 1.6977 .2299 30 
40 5100 .7076 .8601 .9346 .5930 7730 1.6864 .2270 20 
50 „54125 797 8587 9335 5009 .7759 16753 2241 10 
31°00’ 5150 9.7118 .8572 9.9331 .6009 9.7788 1.6643 0.2212 59°00’ 
10 5175 7139 .8557 .9323 .0048 7816 1.6534 2184 50 
20 5200 .7160 .8542 .9315 .6088 .7845 1.6426 .2155 40 
30 .5225 .7181 55956 .9308 .6128 .7873 1.6319 2127 30 
40 5250 .7201 .8511 .9300 .6168 .7902 1.6212 .2098 20 
50 25275 7272277 5490 92927 ОЛОО 0 16107 .2070 10 
32°00’ .5299 9.7242 .8480 99284 6249 9.7958 1.6003 0.2042 58°00’ 
10 „5324 .7262 .8465 0276 .0289 .7986 1.5900 .2014 50 
20 5548 .7282  .8450 .9268  .6330 .8014 1.5798 .1986 40 
30 5373 .7302  .8434 .9260  .6371 .8042 1.5697 .1958 30 
40 5398 .7322 .8418 .9252 0412 .8070 1.5597 .1930 20 
50 .5422 .7342 .8403 .9244 0453 .8097 1.5497 .1903 10 
33°00’ 5446 9.7361 .8387 9.9236 .6494 9.8125 1.5399 0.1875 57200 
10 5471 7/30 5271 928 690 6157 15301 1847 50 
20 5495 .7400 .8355 .9219 (6577 38180 1.5204 1820 40 
30 5519 .7419 2.5339 9211 .6619 .8208 1.5108 .1792 30 
40 „5544 7438 .8323 .9203 .6661 .8235 1.5013 .1765 20 
50 .5568 .7457  .8307 .9194  .6703 .8263 1.4919 1737 10 
34°00’ 5592 9.7476 8290 9.9186 .6745 9.8290 1.4826 0.1710 56°00’ 
10 5616 .7494 49274 9177 .6787 8317 1.4733 .1683 50 
20 5640 .7513 .8258 9169 .6830 .8344 1.4641 .1656 40 
30 5664 .7531 .8241 .9160 2.9873 .8371 1.4550 .1629 30 
40 5688 .7550 .8225 9101 .6916 .8398 1.4460 .1602 20 
50 5712 .7568 8208 .9142 .6959 .8425 1.4370 1575 10 
35°00 .5736 9.7586 .8192 9.9134 .7002 9.8452 1.4281 0.1548 55°00’ 
10 5760 7604 48175 9125 .7046 .8479 14193 1521 50 
20 25783 762 8158 9116 .7089 8506 1.4106 1494 40 
30 5807 .7640 8141 9107 .7133 8533 14019 1467 30 
40 5841 7657 8121 9005 27177 .8559 1.3934 1441 20 
50 5864 7675 .8107 .9080 .7221 .8586 1.3848 1414 10 


36°00' 5878 9.7692  .8090 9.9080 .7265 9.8613 1.3764 0.1387 54°00' 
Nat. Log: Nat. Log. Nat. Log. Nat. Log. 


Cosines Sines Cotangents Tangents grees 


ғ 


(continued) 
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35 


1.0996 
1.0966 
1.0937 
1.0908 
1.0879 
1.0850 


1.0821 
1.0792 
1.0763 
1.0734 
1.0705 
1.0676 


1.0647 
1.0617 
1.0588 
1.0559 
1.0530 
1.0501 


1.0472 
1.0443 
1.0414 
1.0385 
1.0356 
1.0327 


1.0297 
1.0268 
1.0239 
1.0210 
1.0181 
1:0152 


1.0123 
1.0094 
1.0065 
1.0036 
1.0007 
0.9977 


0.9948 
0.9919 
0.9890 
0.9861 
0.9832 
0.9803 


0.9774 
0.9745 
0.9716 
0.9687 
0.9657 
0.9628 


0.9599 
0.9570 
0.9541 
0.9512 
0.9483 
0.9454 


0.9425 


Radi- 
ans 
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Radi- 
ans 
0.6283 
0.6312 
0.6341 
0.6370 
0.6400 
0.6429 


0.6458 
0.6487 
0.6516 
0.6545 
0.6574 
0.6603 


0.6632 
0.6661 
0.6690 
0.6720 
0.6749 
0.6778 


0.6807 
0.6836 
0.6865 
0.6894 
0.6923 
0.6952 


0.6981 
0.7010 
0.7039 
0.7069 
0.7098 
0.7127 


0.7156 
0.7185 
0.7214 
0.7243 
0.7272 
0.7301 


0.7330 
0.7359 
0.7389 
0.7418 
0.7447 
0.7476 


0.7505 
0.7534 
0.7563 
0.7592 
0.7621 
0.7650 


0.7679 
0.7709 
0.7738 
0.7767 
0.7796 
0.7825 


0.7854 


TABLE 15—CIRCULAR (TRIGONOMETRIC) FUNCTIONS (concluded) 


40 
50 


38°00)’ 


45°00’ 


Sines 


Nat. Log. 


5878 9.7692 
5901 


9925 
9948 
0972 
„2995 


6018 9.7795 
‚6041 
‚6065 
.6088 
6111 
6134 


6157 9.7893 
‚6180 
‚6202 
‚6225 
‚6248 
0271 


.6293 9,7989 
‚6316 
‚6338 
6361 
‚6383 
‚6406 


‚6428 9.8081 
6450 
‚6472 
‚6494 
6-7 
.6539 


6561 9.8169 
6983 
.6604 
‚6626 
‚6648 
‚6670 


6691 9,8255 
‚26713 
‚6734 
.6756 
6777 
6799 


‚6820 9.8338 
6841 
‚6862 
‚6884 
‚6905 


.7710 
7127 
7744 
.7761 
1778 


‚7811 
.7828 
.7844 
.7861 
.7877 


.7910 
„7926 
‚7941 
957 
.7973 


‚8004 
‚8020 
‚8035 
‚8050 
‚8066 


‚8096 
‚8111 
8125 
‚8140 
‚8155 


‚8184 
‚8198 
8213 
„8227 
„8241 


‚8269 
8283 
„8297 
ЗІП 
8324 


8351 
‚8365 
.8378 
8391 


6926 .8405 


6947 9.8418 
‚6967 
6988 
.7009 
.7030 
.7050 


.7071 9.8495 


8431 
„8444 
„8457 
.8469 
.8482 


Nat. Log. 
= 


Cosines 
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Cosines 


Nat. Log. 

.8090 9.9080 
8073 .9070 
8056 .9061 
.8039 .9052 
8021 .9042 
.8004 .9033 


./986 9.9023 
.7969 .9014 
.7951 .9004 
7934 .8995 
4916 .8985 
.7898 .8975 


.7880 9.8565 
78607 "9955 
7844 .8945 
./826 .8935 
.7808 .8925 
4790 .8915 


.7771 0.8905 
259888805 
.8884 
4716 .8874 
7698 .8864 


7679 .8853 


.7660 9.8843 
.7642 .8832 
7024 18821 
.7604 .8810 
‚7585 .8800 
.7566 .8789 


./547 9.8778 
42528 .8767 
7509 .8756 
.7490 .8745 
7470 .8733 
‚7451 .8722 


.7431 9.8711 
7412 .8659 
.7392 .8688 
4373 .8676 
7353 .8665 
73397” 8653 


7314 9.8641 
7294 8629 
7274 8618 
7254 8606 
7234 .8594 
7214 .8582 


7193 0.8569 
Z2 S57 
‚7153 .8545 
7132 .8520 
4112 852) 
.7092 .8507 


.7071 9.8495 
Nat. Log. 


Sines 


.7310 
749 


‚7445 
‚7490 


.7581 
.7627 
1673 
‚7720 
‚7766 


.7813 9.8928 
.7860 
.7907 


‚6195 
8243 
‚8292 


‚8591 


„8744 


9162 
„9217 


9713 


Tangents 


Nat. Log. 

.7265 9.8613 
‚8639 
‚8666 
‚8692 
‚8718 
‚8745 


.7536 9.8771 
8797 
‚8824 
‚8850 
‚8876 
‚8902 


‚7400 


„8954 
‚8980 
./954 .9006 
8002 .9032 
8050 .9058 


‚8098 9.9084 
8146 .9110 
9135 
9101 
.9187 
8342 .9212 


8391 9.9238 
8441 .9264 
8491 .9289 
8541 .9315 
9341 
8642 .9366 


5009 27202 
9417 
9443 
‚9468 
8809 .9494 
8952 .9519 


9004 9.9544 
0057 .9570 
MI 95005 
9621 
9646 
9271 .9671 


.9325 9.9697 
9280 (9/22 
9435 .9747 
.9490 9772 
9545 .9798 
9601  .9823 


.9657 9.9848 
.9874 
.9899 
.9924 
.9949 
.9975 


.8796 
,8847 


0770 
9827 
9884 
9942 


1.0000 0.0000 


Nat. 


Cotangents 


Log. 
У 


Cotangents 


Nat. Log. 
1.3764 0.1387 
1.3680 .1361 
1.3597. ..1334 
1.3514 .1308 
1.3432 129 
1.9351 .1295 


1.3270 0.1229 
16910091203 
1.3111 „1146 
1.3032 1150 
1.2054 .1124 
1.2876 .1098 


1.2799 0.1072 
1.2723 .1046 
1.2647 .1020 
1.2572 .0994 
1.2497 .0968 
1.2423 .0942 


1.2349 0.0916 
1.2276 .0890 
1.2203 .0865 
1.2131 .0839 
1.2059 .0813 
1.1988 .0788 


1.1918 0.0762 
1.1847 .0736 
11778 0/1 
1.1708 .0685 
1.1640 .0659 
1.1571 .0634 


1.1504 0.0608 
1.1436 .0583 
1.1369 10557 
1.1303 (0582 
1.1237 .0505 
1.1171 .0481 


1.1106 0.0456 
1.1041 .0430 
1.0977 .0405 
1.0913 .0379 
1.0850 .0354 
1.0786 .0329 


1.0724 0.0303 
1.0661 .0278 
1.0599 223 
1.0538 .0228 
1.0477 .0202 
1.0416 .0177 


1.0355 0.0152 
1.0295 .0126 
1.0235 .0101 
1.0176 .0076 
1.0117 .0051 
1.0058 .0025 


1.0000 0.0000 
Nat. Log. 


Tangents 


0.9425 
0.9396 
0.9367 
0.9338 
0.9308 
0.9279 


0.9250 
0.9221 
0.9192 
0.9163 
0.9134 
0.9105 


0.9076 
0.9047 
0.9018 
0.8988 
0.8959 
0.8930 


0.8901 
0.8872 
0.8843 
0.8814 
0.8785 
0.8756 


0.8727 
0.8698 
0.8668 
0.8639 
0.8610 
0.8581 


0.8552 
0.8523 
0.8494 
0.8465 
0.8436 
0.8407 


0.8378 
0.8348 
0.8319 
0.8290 
0.8261 
0.8232 


0.8203 
0.8174 
0.8145 
0.8116 
0.8087 
0.8058 


0.8029 


of 
TABLES 16-25._TREATMENT OF EXPERIMENTAL DAT.\* 


TABLE 16—METHODS OF AVERAGING DATA 





When a number of measurements are made of any quantity variations will be found. 
The question is: What is the best repr esentat ve value for the quantity thus measured: 
and how shall the precision ot the measurements be stated? The arithmetic mean of all 
the readings is generally taken as the best value. To tell something about the precision 
of the final result any one of five measures of variation which are discussed in books dealing 
with this subject may be given. These measures of deviation are: 


р = probable error 
a = the average deviation (from the arithmetic mean) 
o = the standard deviation 

]/h — the reciprocal of the modulus of precision 

k/w = the reciprocal of the "precision constant" 


Of these precision indexes the standard deviation, e, is most easily computed. For the 
set of observed values .ri, 12... Хи of equal weight, the e for a siele observation is given by 


p= = mut 
1 == 1 сте n 


- жаа = (т 
Vin п(л--1) == | п? 


The ratios of these precision indexes to one another ior a normal (or Gaussian) 
distribution are: 


and for the mean by 








p NM oo ro E 
Осан ШУ ае Аа ос ОИ ив ТО 14:2 


Most experimental data can be represented by an equation of some form. One of the 
recommended methods for determining the coefficients of such equations is the use of a 
least-squares solution. This means Rhen an attempt is made to find values for the coefhcients 
such that the sum of the squares of the deviations of the experimental points from the 
resulting curve has the least possible value. Certain tables are of help in making such 
solutions (Tables 16-26), and reference should be made to books or papers on this subject 
for their use. 

Ап example of one method of finding the coefficients of such selected equations (based 
on “Treatment of Experimental Data,” by Worthing and Geffner, published by. Wiley. 
1943) follows. 


Part 1—Least squares adjustment of measurements of linearly related quantities 


Let Qi. Qi... Qx be the ^ adjusted, but initially unknown, values of the linearly. related 
quantities. Let Меса Хи bear ә ЛЕ Ас IRE `d values of Q's or of linear combinations 
of two or more, Q's. 

[Ге А, Аз. А; һе the adjustments or corrections that must be applied to the measured 
X s to vield consistent least-squares values for the Q's. See below for a simple illustration. 

As obscrvation equations we have 


qi Qi + bQ: +.. КО —\=A, 
а„О, -+ О -- 578 СО, = Ns А ШІ 
ап О, — DaO: — 8o n. = Nn = Ж 


of which ar, b;...8; are constants. whose values are frequently + 1, — 1. or 0. 
From the observation equations k normal cguations are formed. For equally weighted 
observed values of X, they are 


[аа О; -- [ав 0. + faici] Oa +... [ak VO; lie) 
[^;ai] Qi + [5.2.10 +. | оа +... (ТО, — („Х] =0 (5) 
Па. ДО, + [hihi VQ: + [А.с] Оз +.. ел — [6 Х ]=0 

* Prepared by the late A. G. Worthing. of the University of Pittsburgh. 


(continued) 


SMITHSONIAN PHYSICAL TABLES 
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of which, as representative bracketed | J] coefficients, we have 
[aiai] = 4140. -Е 0:0: -Е азаз --...аһаһ 
[aibi] — aibi + а, + азбз +.. . аб» (3) 
lay x (let AG + а; Х + 05 X; +.. „да Хал 
[Раа] = Аза: + k02 -- Ёзаз +.. . Баал 
Solutions of equation (2) yield the least-squares adjusted values of Qi, Q:;. .. Qs. 
For unequally weighted values of X, that is tw, 105,...ww» for XiXs... Xs, the normal 
equations become 
[10,2101] Q; + [теча‹Ба] О; + (тоа (с, ) Од +... [waiki] Qx — [а Х.] = 0 
[20:р;а:]0; + [20.0.01] Qz + Глоб, С. 105 +... [чб Ок — [лаб Х,] = 0 (4) 
[wikia] Q: 4- [зи В] О + [704.5 01] Qs +... [wikikı] Qx — [аде Х,] = 0 
of which 
[10.0.01] — 1610101 -- 10:820; -]- 1030305 +... тлапал 
[назв] = шла, + тиоагб; + тозазбз +... .топалра (5) 
[wikiai] = “Айы + тога + тиз газ +... толРабп 


Тһе weights 71, w2...@n associated with the X;, X2...Xn and with the successive ob- 
servation equations are taken as inversely proportional to the squares of the probable 
errors (or of the standard deviations) of the corresponding X’s. It is customary to take 
simple rounded numbers for the proportional values. A precise set of 28, 50, 41, and 78 
may be rounded to 3, 5, 4, and 8. 

As a simple application, consider the elevations of stations B, C, and D above А. Let 
those elevations in order be Qi, Q;, and Qs. Let the quantities measured and the observed 
elevations be such as to yield the following observation equations: 


Qi —10ft — Ai 
Q: —18 ft = A; 
Q: — 4ft = А; (6) 


—0Q + Q: — 9ft— A, 
Q: — Q; —12 ft = As 
Qı — Q; — ИА. 


The coefficients a;, b, and c; are seen to be 1, 0, and 0. The values of the other coefficients 
are obvious. Substitution in equation (2) yields for the normal equations 


30;— Ољ— Оз-- б=0 
— О, + 30: — Qs — 39 ft — 0 (7) 
— О,— 0, + 30, + 136 = 0 


Solutions of equation (7) yield 93 ft, 173 ft, and 43i ft for the elevations of B, C, and D 
above А. 


Part 2 —Least-squares equations of the type y =a + bx, to represent a series of 
observed (x,y) values 


For equally weighted pairs of (x,y) of which the errors of measurement are associated 
with the determinations of the y’s 


— 


2 ZxXxZy— EZxXxy | x'y—oxcY 


ncc MO 
Pu nZxvyv-— ExZv ЕЕ уу (8) 
^ nx? —– (Хх)? 22 4? 
of which 
"x НЕ о Е 
п = (Уу) ete 
(continued) 
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The probable errors of the a and the b of equation (8) are given by 


Жы = кр =; -« | 
ET v 


Т ш -Ł Е = =] (9) 


[5-3 


For unequally weighted measurements of which the errors of measurement are associ- 
ated with the determinations of the y’s, 


0 Eua Zw — Pwr Enry 
от, — (Хана)! 
DWEUNV Y — LUT ZUiy: (10) 
Утеха — (Swe) 


b= 


Where the errois of measurement are associated with the x-determination only, the cor- 
responding coefficients of an equation of the type x — a' 4- b'y can be obtained by merely 
interchanging x and y in equation (8). 

Where the errors of measurement are associated with both the x- and the y- determina- 
tions, the expressions are complicated.” 


із Worthing, A. G., and Geffner, J., Treatment of experimental data, p. 259, John Wiley and Sons, 
New York, 1943. Used by permission. 


Part 3,—Least-squares equation of the type y — a + bx + cx?’ + dx? to represent a 
series of observed (x, y) values 


For the general case involving irregularly spaced x-values, the formulae for a, b, c, etc., 
are very complex. However, for the case of equally weighted observations with errors 
of measurement associated entirely with the y-values in which succeeding +-values are 
equally spaced, the mechanics of the computations for least-squares constants are very 
greatly simplified, thanks to tables computed by Baily " and by Cox and Matuschak. % Тһе 
procedure requires a change of the +-variable to yield a new X-variable with a zero-value 
at the midpoint of the series. In case of an even number of terms, the shift is given by 


— 


тт 
Х.= = (11) 


of which Ax is the even spacing between successive +-values; and, if the number of terms 
is odd, the shift is given by 








х — х 
= Ах /2 17) 
Тһе further procedure consists in deterinining the appropriate summations indicated in 
Table 17, the appropriate &-terms given as a function of the number of terms » in Tables 19 
апа 20, combining the appropriate summations and k-terms, to give parameters for the 
equation y — f( X), and finally transferring the function to the original coordinate system 
to yield y — f;(x 
How to apply the simplified procedure to determine the coefficient of a^ in the least- 
squares equation y — a + bx + cr’ to represent the ху values of the first two columns of 
the following tabulations is shown in the remainder of the tabulation. 








E CSS с = ҺУ>Ху— Юу 
3 12.0 — 5 300.0 п = б 
6 20.6 — 3 185.4 ks = 16,741,071 « 10°” 
9 337 — 1 337 и 0 
12 51.1 + 1 51.1 ksE X^y — 6.2005 cm 
15 72.9 + 3 656.1 kay = 5.69259 cm 
18 99.1 +5 2477.5 с' = 0.5482 cm 
---- ---- Ar == 560 
289.4 3703.8 c = 4c'/ (Ax)? = 0.244 cm/sec’ 


4 Birge, R. T., and Shea, J. D., Univ. California Publ. Math., vol. 2, p. 67, 1927; Worthing, A. G., 
and Geffner, J., Treatment of experimental data, p. 250, John W iley and Sons, New York, 1943. 
s Baily, Г. L Ann. Math. Statistics, vol. 2, p. 355, 1931. 
16 Cox, G. C., "апа Matuschak, Margaret, Journ. Phys. Chem., vol. 45, p. 362, 1941. 
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TABLE 17.—SHOWING THE MAKE-UP OF THE CONSTANTS OF THE LEAST- 
SQUARES EQUATION OF THE TYPE y=a-4 bx 4+ cx?4 dx? FOR EQUA- 
TIONS OF VARYING DEGREES WHEN THE ABBREVIATED METHOD OF 
BAILEY AND OF COX AND MATUSCHAK IS USED * 


This method is applicable only when succeeding values of x have a common difference 
and are equally weighted. The independent variable, changed if necessary, must have a 
zero value at the midpoint of the scries with succeeding values differing by unity if the 
number of terms is odd and by two if even. Values for the various k's, as computed by 
Cox and Matuschak, are to be found in Tables 14 and 20. 


Parameters 


Degree of p  ——————————— 34 
equation a b с а 

1 аду К.У ху 

2 Ху — К.Х л?у 5 ху Бек у — у 

3 кү = ут Рту — Ё:®л?уў Бру у — Р,>у Њу — ЊЕ у 


* l'or references, see footnotes 15 and 16, p. 39. 


hx 
TABLE 18.—VALUES OF Р= | e- ^d (hx) 
т 0 


P, the probability of an observational error having a value positive or negative equal to 
rf 
or less than x when h is the measure of precision, P = VE eo *d(hx)-h? = Amin?) 
п. о 


where m = no. obs. of deviation Az. 


hx 0 1 2 3 4 5 6 7 8 9 


0.0 .01128 .02256 .03384 .04511  .05637  .06762  .07886  .09008  .10128 
11246 1232 .13476 .14587 .15695 16800 .7901 .18999 .20094 .21184 
22270 .23352 .24430 .25502 .26570 .27633 .28690 .29742 .30788  .31828 
328635 .33891 .34913 .35928 .36936 .37938 .38933 .39921 .40901 .41874 
.42839 .43797 .44747  .45689 .46623 .47548 .48466 .49375 .50275 .51167 


52050 .52924 .53790 .54646 .55494 .56332 .57162 .57982 .58792 .59594 
60386 .61168 .61941 .62705 .63459 .64203 .64938 .65663 .66378 .67084 
67780 .68467 .69143 .69810 .70468 .71116 .71754 .72382  .73001 .73610 
74210 .74800 .75381 .75952 .76514 .77067 .77610 .78144 .78669 .79184 
79691 .80188 .80677 .81156 .81627 .82089 .82542 .82987 .83423 .83851 


84270 .84681 .85084 .85478 .85865 .86244 .86614 .86977 .87333 .87680 
88021 .88353 .88679 .88997 .89308 .89612 .89910 .90200 .90484 .90761 
91031 91296 .91553 91805 92051 922021 92524 92751 92973 95150 
93401 .93606 .93807 .94002 .94191 .94376 .94556 .94731 .94902 .95067 
95229 .95385 .95538 .95686 .95830 .95970 .96105 .96237 .96365 .96490 


06611 .96728 .96841 .96952  .97059  .97162  .97263  .97360  .97455 .97546 
97635 97721 .97804 .97884 .97962  .98038  .98110  .98181  .98249  .98315 
.98379  .98441  .98500  .98558  .98613 .98667 .98719 .98769 .98817  .98864 
98909 .98952  .98994 .99035 .99974 .99111 .99147 .99182 .99216 .99248 
99270 .99309 .99338 .99366 .99392 .99418 .99443 .99466 .99489 .99511 


99532 .99552 .99572 .99591 .99609 .99626 .99642 .99658 .99673 .99688 
99702 .99715 .99728 .99741 .99753 .99764 .99775 .99785 .99795 .99805 
99814 .99822 .99831 .99839 .99846 .99854 .99861 .99867 .99874 .99880 
99886 .99891 .99897 .99902 .99906 .99911 .99915 .99920 .99924 .99928 
99931 .99935 .99938 .99941 .99944 .99947  .99950 .99952 .99955 .99957 


99959 .99961 .99963 .99965 .99967 .99969 .99971 .99972 .99974 .99975 
90076 .99978 .99979 .99980 .99081 .99982 ..99983  .99984 .99985 .99086 
.99987 .99987 .99988 .99989 .99989 .99590 .99991  .9999] 90902  .99992 
00992 0.99993 .99993 .99994 .99994 .90004 .99995 .99995  .99995 .99996 
29996 .69996 .99996 .99997 .99997 .99997 .99997 .99997 .99997 .99998 


.99998 .99999 .99999 1.00000 


~ ~ = = © 


о bouan шім ә bonnan војне созса о ә 


= 
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TABLE 21.—VALUES OF e* AND e* AND THEIR LOGARITHMS 


A 
1/64 
1/32 
1/16 
1/10 

1/9 


1/8 
177 
1/6 
1/5 
1/4 


e 


1.0157 


.0317 
.0645 
1052 
1175 


1.1331 


.1536 
.1814 
‚2214 
‚2840 


log e? 
0.00679 
-01357 
.02714 
‚04343 
04825 


0.05429 
‚06204 
‚07238 
.08686 
‚10857 


€^? 
0.98450 
.96923 
.9394] 
.90484 
.89484 


0.88250 
‚86688 
‚84648 
„81873 
./7880 


x 
1/3 
1/2 
| 


5/4 


3/2 
7/4 

2 
9/4 
5/2 


et 
1.3956 
6487 
2.1170 
‚7183 
3.4903 


4.4817 
5.7546 
7.3891 
9,4877 
12.1825 


TABLE 22—FURTHER VALUES OF P 


log e* 
0.14476 
21715 
92572 
„43429 
.54287 


0.65144 
.76002 
.86859 
.97716 

1.08574 


e-7 


43 


0.71653 
‚60653 
47237 
„36788 
‚28650 


0.22313 
117377 
„13534 
‚10540 
08208 


This table gives the values of the probability P, as defined in Table 18, corresponding to 
а Петев values of x/r where r is the “probable error.” The probable error r is equal to 
0.47694/h. 


оооэоә ооооое |), 


к-4 кд )-2 кӛ фа 


i мед 2 ры 
Dunin BRWNHHOe® ФМ ім ә Lounaan шом 


RO Ку ко Ба 5 КУ КУ КУ КУ 


Un Ы 


0 


.00000 
.05378 
.10731 
.16035 
.21268 


.26407 
.31430 
.36317 
.41052 
.45618 


.50000 
.54188 
.58171 
.61942 
.65498 


.68833 
‚71949 
‚74847 
271926 
‚79999 


„82266 
84335 
86216 
‚87918 
‚89450 


‚90825 
92051 
‚93141 
.94105 
.94954 


.95698 
.99302 
.99926 


1 


-00538 
.05914 
.11264 
.16562 
.21787 


.26915 
31925 
„36798 
41517 
46064 


‚50428 
54595 
98558 
62308 
65841 


69155 
„72249 
‚75124 
77785 
.80235 


.82481 
.84531 
„86394 
„88078 
„89595 


90954 
92166 
93243 
‚94195 
.95033 


96346 
‚©9431 
99943 


2 


.01076 
‚06451 
.11796 
.17088 
.22304 


.27421 
.32419 
ays 
‚41979 
46509 


.50853 
.55001 
.58942 
.62671 
.66182 


.69474 
./2546 
.75400 
.78039 
‚80469 


82695 
„84726 
„86570 
‚88237 
„89738 


91052 
.92280 
.93344 
.94284 
95111 


.96910 
99539 
99956 
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3 


.01614 
.06987 
12326 
„17614 
.22821 


270921 
«32911 
‚97055 
42440 
46952 


91270 
„55404 
59325 
63032 
‚266521 


‚69791 
.72841 
.75674 
.78291 
.80700 


‚82907 
‚84919 
„86745 
„88395 
„89879 


.91208 
.92392 
.93443 
.94371 
95187 


97397 
99627 
.99966 


4 


02152 
07523 
.12860 
.18138 
220990 


.28431 
.33402 
„38231 
42899 
‚47393 


151699 
.55806 
.59705 
.63391 
.66858 


.70106 
.73134 
.75945 
‚78542 
‚80930 


„83117 
„85109 
86917 
„88550 
.90019 


.91332 
.92503 
.93541 
04458 
95263 


97817 
99700 
„99974 


5 


02690 
08059 
.13391 
.18662 
29951 


.28934 
.33892 
.38705 
43357 
47832 


„52119 
‚56205 
‚60083 
63747 
‚67193 


‚70419 
‚73425 
‚76214 
‚78790 
.81158 


.83324 
.85298 
.87088 
.88705 
.90157 


.91456 
.92613 
.93638 
.94543 
.95338 


.98176 
.99760 
‚99080 


6 


03228 
08594 
1392] 
‚19185 
„24364 


.29436 
„34380 
„39178 
43813 
48270 


02007 
‚56602 
‚60460 
‚64102 
‚67526 


‚70729 
3714 
./6481 
‚79036 
‚81383 


‚83530 
‚85486 
87258 
88857 
.90293 


.91578 
.92721 
.93734 
.94627 
.95412 


.98482 
.99808 
99985 


7 


‚03766 
‚09120 
‚14451 
.19707 
.24876 


.29936 
„34866 
„39649 
„44267 
„48705 


1920722 
‚56998 
.60833 
.64454 
.67856 


‚71038 
‚74000 
‚76746 
‚79280 
„81607 


„83734 
„85671 
87425 
.89008 
90428 


.91698 
92828 
93828 
94711 
05484 


98743 
.99848 
.99988 


8 


.04303 
.09663 
.14980 
.20229 
.25388 


.30435 
95902 
40118 
44719 
„49139 


53366 
57391 
61205 
‚64804 
.68184 


.71344 
.74285 
.77009 
./9522 
.81828 


.83936 
.85854 
.87591 
.89157 
.90562 


.91817 
.92934 
93922 
94793 
9555 


‚98962 
09879 
ot 


9 


04840 
.10197 
.15508 
‚20749 
‚25898 


3005 
35855 
‚40586 
45169 
49570 


‚53778 
.57782 
61575 
.65152 
.68510 


./1648 
.74567 
.77270 
.79761 
.82048 


.84137 
.86036 
87755 
‚89304 
.90694 


.91935 
.93038 
.94014 
.94874 
.95628 


.99147 
.99905 
‚99993 





45 TABLE 23.—VALUES OF THE FACTOR 0.6745 - н - 





This factor occurs in the equation 7, == 0.6745 Е for the probable error of a single 


observation, and other similar equations. 


n 0 1 2 3 4 5 6 7 8 9 
00 0.6745 0.4769 0.3894 0.3372 0.3016 0.2754 0.2549 0.2385 
10 0.2248 0.2133 .2034 1947 1871 1803 1742 168% 16356 1590 
20 1547 1508 1472 1438 .1406 1077 бло 1022 102580175 
30 1252 1231 МА МО 1174 1157 1140 1124 1109 11094 
40 1080 .1066 1053 1041 11029 1017 1005 .0994 .0984 .0974 
50 0.0964 0.0954 0.0944 0.0935 0.0926 0.0918 0.0909 0.0901 0.0893 0.0886 
60 0878 .0871 .0864 .0857 .0850 .0843  ..0837  .0830  .0824  .0818 
70 0812 .0806 .0800 .0795 .0789 0784 .0779 .0774 .0769 .0764 
80 0759 .0754 .0744 .0745 2.0740 0736 .0732 .0727 .0723 .0719 
90 0715 .0711 .0707 .0703 .0699 06906 .0602 .0688 .0685 .0681 


TABLE 24.—VALUES OF THE FACTOR 0.6745 Vc 


~ 
This factor occurs in the equation хо = 0.6745 \ a zv 


т. ит) for the probable error of the 


arithmetical mean. 


n 1 2 3 4 5 6 7 8 9 

00 0.4769 0.2754 0.1947 0.1508 0.1231 0.1041 0.0901 0.0795 
10 0.0711 0.0643 .0587 .0540 .0500 0465 0435 .0400 .0386 .0365 
20 0346 .0329 .0314 .0300 .0287 0275 (0265 0255 0245 0257 
30 0229 .0221 .0214 .0208 .0201 .0196 0100 .0185 .0180 0175 
40 20171. 001670050169. ЕШ5) 70155 0152 .0148 .0145 .0142 .0139 
50 0.0136 0.0134 0.0131 0.0128 0.0126 0.0124 0.0122 0.0119 0.0117 0.0115 
60 ШІЗ ОП ООо 0005 0106 0105 .0103 .0101 .0100 .0098 
70 0097 .0096 .0094 .0093 .0092 0001 .0089 .0088 .0087 .0086 
80 0085 .0084 .0083 .0082 0081 0080 .0079 .0078 .0077 .0076 


90 00/75 .0075 .0074 .0073 .0072 0071 .0071 .0070 .0060 .0068 
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TABLE 25.—LEAST SQUARES 45 


= 
Part 1.— Values of the factor 0.8453 ——————7 
n(n — 1) 








This factor occurs in the approximate equation r = 0.8453 а for the probable 
n(n— 
error of a single observation. 
n 1 2 3 4 5 6 7 8 9 
00 0.5978 0.3451 0.2440 0.1890 0.1543 0.1304 0.1130 0.0996 
10 0.0891 0.0806 .0736 .0677 .0627 0553 .0546 .0513 .0483 .0457 
20 0434 .042 .0393 .0376 0360 0345 .0332 0319 0307 .0297 
30 0287 02772 0208 0200 0252 0245 .0238 .0232 40225 0220 
40 0214 .0209 02094 .0199 10194 0190 .01866 .0182 (178 .0174 
50 0.0171 0.0167 0.0164 0.0161 0.0158 0.0155 0.0152 0.0150 0.0147 0.0145 
60 20142 — 00140. 0137 (0135: 0133 ШЛӘТТ ОГ АЕ 0127 50125 0123 
70 004224570120 0118 (ПІ) 0115 0113  .0112  .0111  .0109 .0108 
80 .0106 .0105 .0104 .0102 .0101 04100 .0009 .0098 .0097 .0090 
90 0094 .0093 .0092 .0091 .0090 0089 .0089 .0088 .0087 .0086 
Part 2.—Values of 0.8453 : 
пуп — 1 
This factor occurs in the approximate equation ro — 0.8453 eL for the probable 
nVn — 

error of the arithmetical mean. 
n 1 2 3 4 5 6 7 8 9 
00 0.4227 0.1993 0.1220 0.0845 0.0630 0.9493 0.0399 0.0332 
10 0.0282 0.0243 0212 .0188 .0167 0151 .0136 0124 .0114 .0105 
20 0007 .0090 .0084 .0078 .0073 0260 .0065 .0061 .0055 .0055 
30 0052 .0050 .0047 .0045 .0043 00441 .0040 .0038 .0037 .0035 
40 .0034 — .0033  .0031  .0030  .0029 .0028 .0027  .0027  .0026  .0025 
50 0.0024 0.0023 0.0023 0.0022 0.0022 0.0021 0.0020 0.0020 0.0019 0.0019 
60 (0018 .0018  .0017  .0017 .0017 0016 .0016 .0016 .0015 .0015 
70 .0015  .0014 .0014 .0014 .0013 0013 .0013 .0013 20012 002 
80 .0012 00172 0011 0011 (001 0011 .0011 .0010 .0010 .0010 
90 0010 .0010 .0010 .0009 .0009 0009 .0000 .0009 0009 .0009 
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46 TABLES 26-28.—GENERAL PHYSICAL CONSTANTS 


Some of the most important results of physical science are embodied in the 
numerical magnitudes of various universal physical constants. The accurate 
determination of such constants has engaged the time and labor of many of 
the most eminent scientists. Some of these constants can be evaluated by 
various methods. The experiments used to study and measure these constants, 
in many instances have yielded some function of two or more of the constants 
(see Table 26) such as h/e; e/m, F/N, h/m, mN, F(e/m), e?/(m/h), etc., 
rather than the direct value of the constant. Each of the many relations has 
been investigated by various experimenters at various times, and each investi- 
gation normally produces a result more or less different from that of any other 
investigation. Under such conditions there arises a general and continuous 
need for a searching examination of the most probable value of each important 
constant. This makes necessary some comparison and analysis of all these ex- 
perimental data to arrive at the most probable value. An important factor in 
such work is that there are but few of the constants that do not require for 
their evaluation a knowledge of certain other constants. These relations are so 
extensive that most of the physical constants can be calculated from the value 
of five or six of the selected principal constants and certain ratios. 

Many such critical reviews of these natural constants and conversion factors 
have appeared in the last 30 to 40 years. The data and discussion given here 
for the constants and their probable errors are the values arrived at by three 
physicists, R. T. Birge," J. W. DuMond, and J. A. Bearden, and their associ- 
ates, who have made some very careful reviews and critical studies of the pub- 
lished experimental data on these general physical constants and have published 
several papers giving what they consider as the most probable value. Reference 
should be made to their original papers for details. 

Birge says in his 1941 paper that as a result of such critical work the situa- 
tion in respect to these constants has vastly improved over values of about 10 
years ago, and again one can say that such studies have resulted in more work 
and thus a more accurate set of constants. 

In 1941 Birge'' published а very extended list of physical constants and 
gave calculated values of many other physical constants that depend upon the 
fundamental constants. Because of the extent of this list, and also because so 
many of the relations among these constants are given therein, this 1941 list 
15 given here. Almost all these constants in this table (Table 26) are accurate 
within the limits given. 

DuMond and Cohen !* prepared a table of some of these constants for the 
Atomic Energy Commission. A part of this appeared in the July 1953 issue 
of the Review of Modern Physics. Table 27 gives their values of a number 
of these physical constants. 

Bearden and Watts *** in 1950 made a study of values of a number of physi- 
cal constants, using some new values in their calculations. They are continuing 
this work and are now ?*" offering some new and more accurate values. Table 
28 contains their 1950 values (corrected for their newer values) and newer 
calculated values of some additional constants. 

A comparison of the final values of these fundamental physical constants 
arrived at by these physicists shows in a real manner the accuracy that may 
now be claimed. A number of the principal radiation constants were taken 
from these tables (Tables 26-28) and are given in Table 53. These values 
have been used for the calculations in the tables in this book since they were 
available when the work was started and since the newer values would make no 
practical changes. 


17 Phys. Rev. Suppl., vol. 1, p. 1, 1929; Rev. Mod. Phys., vol. 13, p. 233, 1941; Amer. 
Journ. Phys., vol. 13, p. 63, 1945. 

18 Phys. Rev., vol. % p. 457, 1940; Rev. Mod. Phys., vol. 20, p. 82, 1948. 

18* Bearden, J. A., and Watts, H. M., Phys. Rev., vol. 81, p. 73, 1951. 
: 18” Bearden, Earle, Minkowski, and Thomsen, private communication from J. A. Bear- 
en. 


SMITHSONIAN PHYSICAL TABLES 


47 
TABLE 26.—GENERAL PHYSICAL CONSTANTS ACCORDING TO BIRGE * 


Part 1.—Principal constants and ratios 


er St 


КИРОВ Е с = (2.99776 + 0.00004) x 10? cm sec"? 
б(тауїайоп сопзїап{ .............. G = (6.670 = 0.005) X 10° dyne cm? g~” 
Cier ООО { — 1000.028 + 0.002 cm? 


Volume of ideal gas (0°C, 24)... .1/ = (22.4146 + 0.0006) X 10° cm* atm™ mole™ 
V', — 22.4140 + 0.0006 1 айт! тоје“ 

Volume of ideal gas (0°C, 4%)... = (22.4157 + 0.0006) х 10° cm? atm! mole 
V's — 22.4151 + 0.0006 ! atm"? mole"? 

Atomic weights (see Part 2). 


Standard atmosphere 55591 99995 Ao = 1.013246 + 0.000004) 10° dyne cm” 
45? atmosphere ................. «s = (1.013195 + 0.000004) x 10? dyne cm? 
Ice-point (absolute scale)......... no 273.16 50 I. 
ЗОШ УЗЕ оте бе Ј, = 4.1855 = 0.0004 abs joule/cali 
Joule equivalent (electrical)...... J^; — 4.1847 =Œ 0.0003 int joule/calis 
Faraday constant : 

GowG@hemicalescale: а. F = 96501.: © 10 int coul/g equiv. 


= 96487. + 1.0 abs coul/g equiv. 
= 9648.7; = 1.0 abs emu/g equiv. 
Л ОВС 10* abs esu/g equiv. 
(2) Physical scale «eris Ғ -- 96514. = 10 abs coul/g equiv. 
— 9651.4, = 1.0 abs emu/g equiv. 
LE Fe = (289326 £ 0.00030) X 107 abs E equiv. 
Avogadro number (chemical $са1е). № = (6.0228, = 0.0011) Х 10° тоесшез/тое 


ЕК|есїготс спагре ................. e = F/No = (1.602033 += 0.00034) X 107” abs emu 
e’ =cc = (4.8025, + 0.0010) X 107” abs esu 
Specific electronic charge....... e/m = (1.7592 + 0.0005) x 10' abs emu/g 
e'/m — ес = (5.2766 + 0.0015) & 10” abs esu/g 


Danos Constant woes rre h X (see Part 4) 


Part 2.—Atomic weights 


(1) Physical scale (O'* = 16.0000) 
.Н! = 1.00813 = 0.00001; ‚Н? = 2.01473 + 0.00001, 
‚Н == 1.00827, + 0.00001, 
(from H'/H* abundance = 6900 = 100) 
„Не* = 4.00389 + 0.00007 
«СЁ = 12.00386 = 0.0004 «23 = 13.00761 + 0.00015 
С = 12.01465 + 0.00023 
(írom C¥/C” abundance = 92 —&= 2) 
ıN™ = 14.00753 = 0100005 ıN” = 15.0049 + 0.0002 
N = 14.01121 + 0.00009; 
(from N“/N*" abundance = 270 = 6) 
,O!* — 16.0000 sO” = 17.0045 sO” = 18.0049 
О = 16.00435: + 0.00008, 
[írom abundance O": O": O” = (506 = 10) : 1: (0.204 = 0.008) ] 
(2) Chemical scale (0 — 16.0000) 
Ratio physical to chemical scale: 
r= (16.004357 = 0.000086) /16 = 1.00272 = 0.000005 
H! = 1.00785. + 0.00001; (from physical scale) 
Н? = 2.01418, = 0.00002, (from physical scale) 
H = 1.00800. + 0.00001; (from physical scale) 
Не* = 4.00280 + 0.00007 (from physical scale) 
С = 12.01139 + 0.00024 (from physical scale) 
N = 14.00740 + 0.00012 (from physical scale) 
М = 14.0086 = 0.0007 (direct observation) 
Ма = 22.994 + 0.003 
Cl = 35.457 + 0.001 
Ca = 40.080 + 0.005 
Ag = 107.880 + 0.002 
I = 126.915 + 0.004 





* Unless otherwise specified, all quantities in this table that involve the mol or the gram equivalent 
are on the chemical scale of atomic weights. 


(continued) 
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TABLE 26.—GENERAL PHYSICAL CONSTANTS ACCORDING TO BIRGE 
(continued) 


Part 3.—Additional quantities evaluated or used in connection with Part 1 





Ratio of esu to emu (direct)........... с' = (2.9971; 2: 0.0001) x 10? cm'7* sec! /? ohm!/? 
= (2.9978, + 0.0001.) X 10° cm/sec 

Ratio of esu to emu (indirect)........ c' = c = (2.99776 X 0.0004) x 10? cm/sec 

Average density of earth.............. ӧ = 5.517 + 0.004 р/ст? 

Maximum density of water..... 6,(H;O) — 0.999072 27 0.000002 g/cm? 

Acceleration of gravity (standard) ma: go = 980.665 cm/sec? 

Acceleration of gravity (45°) А да = 980.616 cm/sec? 


Density of oxygen gas (0C, 4)..... Li = 1.42897 + 0.0003 g/liter 
Limiting density of oxygen gas (0°C, Aus) 
Liim = 1.427609 + 0.000037 g/liter 
Factor converting oxygen (0°C, Ass) 
to ideal Ваѕ.. Т УТ 1 — а = 1.000953; + 0.000009, 
Specific gravity of Hg (0°C, 4) ге- 
ferred to air-free water at maximum 


ось Sa een ро = 13.59542 + 0.00005 
Density i Hg (0*C, AOL cnc TREE Do = 13.59504 = 0.00005; 2/ст“ 
Electrochemical equivalents (chemical 
scale) : 
Silver (apparent Me "v e Е: = (1.11800 + 0.00012) х 10% g/int coul 
|. (corrected) ............. Ел = (1.11807 27 0.00012) x 107* g/abs coul 
Iodine apparent) о Е = (1.315026 + 0.000025) х 10% g /int coul 
(corfected) M c Е = (1.31535 + 0.00014) х 10° g/abs coul 
Effective calcite grating space (18°С) 
Siegbahn system 4''\в -- 202004 x^ 10:* ст 


True calcite grating space (20?C)....d'4, — 3.02951, х 10°° ст 
Siegbahn system 

True calcite grating space (20*C)....da = (3.03567. = 0.00018) Ж 10-8 ст 
cgs system 

Ratio of grating and Siegbahn scales of 

wavelengths ое осо Ay/As = 1.002034 + 0.000060 

Юе о саїсие (20°С)... м... р = 2.71029 = 0.00003 =/стз 

Structural constant of calcite (20°C)... = 1.09594 + 0.00001 

Molecular weight of calcite (chemical 


Scale) NR E E eT М = 100.091. = 0.005 
Rydberg constant for hydrogen (H^). ie = 109677.581, = 0.007; cm. -= (LA. scale) 
Rydberg constant for deuterium (H?).. = 109707.419; + 0.007; cm” (I.A. scale) 
Rydberg constant for helium.......% 2 = 109722.263 + 0.012 cm™ (1.A. scale) 


Rydberg constant for infinite mass....R» = 109737.303 + 0.017 cm™ (I.A. scale) 
or + 0.05 cm" (cgs system) 


(continued) 
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TABLE 26.—GENERAL PHYSICAL CONSTANTS ACCORDING TO BIRGE 
(continued) 


Part 4.—Partial list of derived quantities 


Planck’s constant: 
2т°є%Ё? 1/3 


es ССК ЕЕ =, == : -27 
ju RENE oo ae == (6.624, = 0.002.) K 10°“ erg sec 

» 2т°Е 1/3 m E 25 3 

h/e = Мејну] ‘`--*--°** = (4.1349, = 0.0007,) Х 107 erg sec abs emu 
От 1/3 oe Li 
hfe’ = (ес) = ч a -- (1.3793: + 0.0002) X 107" erg sec abs esu 
КМ (е/т) 
Atomic weight of electron: ........... EF ite) 

(ПР паге са сае ль шш = (5.4862, = 00017) Х 107 
(Chemical SCl e. Le rumen educ itn E Z (5481 £0001) X0 


Band spectra constant connecting wave 
number and moment of inertia: 


2 =r S 2 ШИ + -40 
Пт Е == eum со (27.98 = OU) Хх ЕСІП 


Boltzmann constant: 


= л УМ у= Г А.Д es — (1.38047, 2 0.00026) x 107^ erg/deg 


Charge in electrolysis of 1 gram of H 
БҮН -- 90215525 0 abs. emu/sg 


Charge in electrolysis of one gram of 
М... e/ Mi =F = 95735 Оз ети, = 


Compton shift at 90°: 


2/2 277 1/3 
h/(mc) =d EEE E 
x 9 


Energy in ergs of one abs volt-electron: 
Е О ул Mes = (1.60203, + 0.00034) x 107" erg 


Energy in calories per mole for one abs volt-electron per molecule: 


FP(abs coul/gram-equiy.) E M E 
Js(abssoules/cal)"— 77 77777 23052. 2- 3.» cali; mole 


= (0.024265,. = 0.0000057) ж 107 ст 


Fine structure constant: 
mee iC) =d дет = (7.2976, = 0.0008) Х 1073 


l/a = 137030 £ 001G 
а? == (5.3255 = 0.0013) х 10° 
Gas constant per mole: 


Е а En sea бу — (8.31436 — 0.00038) x 10* erg deg^ mole"? 
RUSSE 0 Sis. cn ccc ae cess. ss = 1.98646. = 0.00021 са. dex moles 
eye ES re = (8.20544, + 0.00037) X TOSS rat deg” mole" 
AUC ERST о о са. « ои — 82.0566; 2- 0.0037 cm? atm deg mole" 
also: 
ENT NE cese er TS — (2.27115, = 0.00006) x: 10" erg mole"? 


Loschmidt number (0°С, Аи, = No/Mo. = (2.687012 + 0.00050) & 10” molecules/cm? 
Magnetic moment of one Bohr magneton: 
m = (ћ/Ат) (с/т) = 
1 f[2vcI?^(e/m)) 13 


a руз fon = (0.9273 = 0.0003:) X 10^? erg/gauss 
rivo 
Magnetic moment per mole for one Bohr 
magneton per molecule: 
2 dq 2 
mNo= pL Soe Жат” — 5585.2, 2 1.6 erg gauss'! тоје“! 
Mass of a-particle..Afa = (He — 2E)/No = (6.6442: + 0.0012) K 10°" g 
(continucd) 
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TABLE 26.—GENERAL PHYSICAL CONSTANTS ACCORDING TO BIRGE 
(concluded) 


Mass of atom of unit atomic weight, 
M. = 1/No = (1.66035 + 0.00031) X 10 g 
Mass of electron; 


m= e/(e/m) = = (F/No)/(e/m) = (91066; = 0.0032), aa 


Mass of H: atom- m- Mul = H*/No = (1.67339; + 0.0031) х 10-25, 
Mass of proton...... Mp = (H' — E)/ N, = (1.67248, + 0.00031) Ж 10 
Ratio mass H! atom to mass electron: 
М и1/т = (е/т)(НУЕ) ........... — 1837.5: = 0.5 
Ratio mass proton to mass electron: 
Т =) (Ме с LT — 183654 + 0.5, · 
First radiation т. DS c;** — 8тАс = (4.9908 — 0.0024) x 1075 erg cm 


= рс? = (0.59542 + 0.0024) х 10^* erg cm? sec"! 
= 2тЛАс* — (3.7403 2- 0.0024) x 105 erg cm? sec"! 
Second radiation constant: 
Toce 2T! F* 1/3 
Ed es Vodo \ RaNo?(e/m) 


Specific charge of a-particle: 
2F 


= 1.4384, = 0.0003, cm deg 


2е/Ма = НЕЕ Eve ve wieviele s e v T — 4822.3, + 0.5, abs emu/g 
Specific charge of proton: 
F 
е/М = Бе = 9578.7; = 1.0 abs emu/g 
Radiation density constant, 
a = Вир" / (15с 1“) = 
ДУ А t 4T? N.R«(e/m) Че ЕЕ and ~15 -8 -4 
= уер) ui = (7.569 + 0.004.) X 10° erg cm" deg 
Stefan-Boltzmann constant : t =: IN Ra(e/m) 
= — 43 ns шал edet at EUN 
a= acA = 2m k Seh T IM 15(Ес)® 
= (5.672з + 0.003) K 10° erg cm? deg‘ 
Wien's displacement-law constant..... = ¢2/4.965114 = 0.289713 + 0.00007 cm oe 
Wavelength еи with 1 abs e , 
— 10-842 , ARE аза 22 -8 
осле) == 10% (Ем = (12395, == 2 10^* cmabs volt 


Wave number associated with 1 abs volt: 


5 2 
so = ША — E oim) x — 8067.4, X 1.4 cm/abs volt 


Zeeman ыс per gauss (e/m)/(4mc) = 4.6699, + 0.0013) х 107% ст/ваиѕѕ 


** J. may be defined in several ways and this determines the value of c. If J,dÀ gives the energy 
density of unpolarized radiation in range dA, then cı = 8mhc. If J,dÀ gives the emission of linearly 
polarized light, in range dX per unit solid angles perpendicular to the surface, then c4 — hc?. If this 
expression J,dÀ denotes the emission of radiation in range dÀ, per unit surface from one side in all 
directions (27 solid angle) then c4 — 2T hc?. See Table 53. 

f For 27 solid angle. 





Part 5.—Birge’s 1944 values of 3 constants 


cx blectpreBic charge... - DIE — (4.8021 = 0.0006) x, 107? abs esu 

Мо, Азорайго пштпһЬег.................. = (6.02338 + 0.00043) X 107 molecules mole” 
(c eric scale) 

ЕМЕагаЧау сопв{ап!.................... = 96487.7 + 10 abs coul 


(chemical scale) 
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TABLE 27.—TABLE OF LEAST-SQUARES ADJUSTED OUTPUT VALUES OF 
PHYSICAL CONSTANTS (BY DuMOND AND ASSOCIATES) 
(November 1952) 


Part 1.—Auxiliary constants used 


These auxiliary constants are quantities which are uncorrelated (observationally) with 
the variables of the least-squares adjustment. 
Rydberg wave number for infinite mass. Re = 109737.309 + 0.012 ст”! 
Rydberg wave numbers for the light nuclei 
Кы == 109677576 £ 0012 cm” 
Rp = 109707.419 = 0.012 cm™ 
Rue 097 17-345 == 0.012 cm ' 
Кне = 109722267 2 сіп” 


Atomic mass Of Neutronas) ... 62.22 sce п = 1.008982 + 0.000003 
Atomic mass of һубговеп............. H = 1.008142 + 0.000003 
Atomic mass of deuterium............ D = 2.014735 + 0.000006 


Gas constant per mole (physical scale). Ro = (8.31662 = 0.00038) x 10' erg mole! deg !C 
Standard volume of a perfect gas 
(a o cal scale) Taea ИИ Го = 22420.7 = 0.6 cm? atmos mole 


Part 2.—Least-squares adjusted output values 


(The quantity following each Æ sign is the standard error by external consistency) 
Переа Би Но баре e dosis te D с = 299792,9 + 0.8 km sec"! 
Avogadro's constant (physical scale)....N — (6.02472 + 0.00036) х 10? (molecules mol)! 
Loschmidt's constant (physical scale).... 
= N/V. = (268713 + 0.00016) X 10” molecules cm~ 


Бестен спа тт 202-253 Ш3ңҢҘҺ e = (4.80288 = 0.00021) х 1079 езц 
е ве — (60207 == 0.00007) « 10 emu 
Electron rest mass. oesie t TM e E m = (9.1085 = 0.0006) 107 2 
Proton rest Masses rere.. m, = W,/N = (1.67243 — 0.00010) X 10 g 
Neutron rest mass o ensenen ea Та N = (1.67474 + 0.00010) х 10° р 
Planckissconstant ee eee й = (00252 == 0.0005) % 107" еге зес 


й = 1/(2п) = (1.05444 + 0.00009) x 10-7 erg sec 
Conversion factor from Siegbahn X-units 
tecxmlranestroms .—.--- 209 9e №,/А, == 1.002063 + 0.000034 
Faraday constant (physical scale) F = Ме = (2.89360 + 0.00007) х 10° еѕи (р то!) 
РЕ МОС О 0:25) emu (amunel a 
Charge-to-mass ratio of the electron. .¢e/m = (5.27299 + 0.00016) X 10” esu в” 
е Пт == <е (те) = (1.7558 = 0.00005) x 10' emu g^! 
Касо о... h/e = (1.37943 += 0.00005) X 107" erg sec (esu)! 
Fine structure constant -..... а=е /(ће) = (7.29726 = 0.00008) xX 107 
а = 137.0377 2200016 
a/2r = (1.161396 = 0.000013) ~ 107" 
a^ — (5.325011 = 000012) Хх 10° 
1 — (1 — a’)? = (0.266254 + 0.000006) х 10° 
Atomic mass of the electron (physical 


scale) e o оо vue ef Nm = (5.48760 + 0.00013) X 10 
Ratio of mass of hydrogen to mass of 
proton * 
H/H* — | p M = tar) |- 1 — 1.000544610 = 0.000000013 
AME MaS Ol Proton... eee eeann. Н* = 1.007593 + 0.000003 


Ratio of proton mass to electron mass... 
H*/N m = 1836.13 Œ 0.04 
Reduced mass of electron in hydrogen 
atomit aui T. m... ж ш e= mH H = (91035 £ 00000) x0 в 
Schrödinger constant for a fixed nucleus 
2m/# = (1.63844 = 0.00016) Х 107 ега“! ст“ 
Schrodinger constant for the hydrogen 


ие a a 20 = (1163755 = 000016) ее ‘сш 
First Bohr radiuS.... erse.. ao = kK / (me^) — (5.29171 == 0.00006) Х 107 ст = а/(4тА.) 


a The binding energy of the electron іп the hydrogen atom has been included in the quantity. Тһе 
mass of the electron when found in the hydrogen atom is not m but more correctly m (1 — 1/2a? +: |). 


(continued) 
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TABLE 27.—TABLE OF LEAST-SQUARES ADJUSTED OUTPUT VALUES OF 
PHYSICAL CONSTANTS (continued) 


Radius of electron orbit in normal #', 
referred to center of та55............ 
ao = a(l] — a°)? = (5.29157 = 0.00006) X 10° cm 
Separation of proton and electron in nor- 
Ша алы a a ao” = ao R«/Rn = (5.29445 + 0.00006) Хх 10° ст 
Compton wavelength of the electron...... 
Xes = A/ (me) = (24.2625 = 00000 10 cm = aCe 
Kee zm Aee/ (2$) — (3.86150 27 0000000) 5€ 108 cm — a*/ (4998) 
Compton wavelength of the proton...... 
Мар == А/жтус == (13.2139 = 0.0004) «x 10“ cm 
Rep == Non] (om) 2. 1000/7 = 0.00007) Х 10 “ст 
Compton wavelength of the neutron..... 
Aen = h/mac = (13.1958 + 0.0004) & 10° ст 
Ken = Nen/ (2m) = (2110017 + 000007) 210 “ст 
Classical electron radius. ...7o0 = c?/ (snc?) == (2.81784 + 0.00010) X 107" cm = a?/ (4r R») 
ro = (7.9402 Œ 0.0005) X 107”? cm’ 





Thompson cross section... es 5 mro = (6.65196 > 0.0005) 10^ cm 
Fine structure doublet separation in гір 
hydrogen ucc onus MN. 1 МЕн -е E Rna’ ( 1-- ~ + (i- Zr 


— 0.365869 = 0.000008 cm"! 
= 10968.49 + 0.25 Mc sec”? 
Fine structure separation in deuterium... 
ДЕр == ДЕп Кр/Кп = 0.365969 + 0.000008 cm ^ 
= 10971.48 + 0.25 Mc/sec™ 
Zeeman displacement per gauss......... 
(е лола ад = (4.66879 + 0.00015) х 1075 ст": ваџ55“! 
Boltzmann's constant ......... = Ro/N = (1.38042 + 0.00010) K 10° ergs deg"! 
k = (8.6164 + 0.0004) & 10° ev deg” 
1/5 — 116057 205 dee ev™ 


First radiation constant....... cı = 8 т Ас = (4.9919 + 0.0004) x 1075 erg cm 
Second radiation constant...... сз == Ас/Ё = (1.43884 = 0.00008) cm deg 
Atomic specific heat constant........ с2/ с == (4.79946 4 0.00027) X 10^!! sec deg 


Wien displacement law constant ”..Amax 2 = c2/(4.96511423) — 0.28979 + 0.00005 cm deg 
Stefan-Boltzmann constant .,........... 


g= (т°/60) (Ес?) = (0.56686 Æ 0.00005) X 107 еге ст deg™ sec™ 


Sackur-Tetrode constant .......... S/R = 5 +„1»{(2тхК%)?? А* 5-9 
= — 2 57324 + 0.00011 
5, == — (46.3505 + 0.0017) & 10’ erg mole” deg™ 
Bohr magneton e: e a a ere 


"mm mE ¢ Kee = (0.92732 + 0.00006) X 10°" erg gauss” 
Anomalous os moment correction. 
| 125-2973 5; а; | = = — — 1001145356 + 0.000000013 


Magnetic moment of the Кете БЕРТІН je = (0.92838 = 0.00006) x 107? erg gauss"' 
Nuclear magneton eserine атан 
un = he/ (Ammyc) — uo N m/H* — 0.505038 + 0.000036) X 10” erg gauss” 
Proton moment =s.. R с... u = 2.79277 = 0.00006 nuclear magnetons 
= (1.41045 + 0.00009) « 10°“ erg gauss” 

Gyromagnetic ratio of the proton in hy- 

drogen (uncorrected for diamagnetism) 

y' = (2.67520 + 0.00008) x 10* radians sec” gauss” 

Gyromagnetic ratio of the proton (cor- 

rected) т | y = (2.67527 -- 0.00008) x(10* radians sec"! gauss" 
Multiplier of (Curie constant)! to give 

magnetic moment per molecule. (3e/N )! — (2.62178 - 0.00017) * 107? (erg mole deg ?)! 


» The numerical constant 4.96511423 is the root of the transcendental equation r — 5 (1 — e-7). 


(continued) 
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TABLE 27.—TABLE OF LEAST-SQUARES ADJUSTED OUTPUT VALUES OF 
PHYSICAL CONSTANTS (concluded) 


Mass-energy conversion factors...... 1 g =000025) 5 6 10" Mev 
1 electron mass = 0.510984 + 0.000016 Mev 
] atomic mass unit = 931.162 + 0.024 Mev 
1 proton mass = 938.232 + 0.024 Mev 
1 neutron mass = 939.526 + 0.024 Mev 
Quantum energy conversion factors. .1 ev = (1.60207 + 0.00007) X 10 erg 
Е/»2 = (1.98620 + 0.00016) X 1075 егр сіп 
EN = 1012597 6 == 0.5) 10> ev-cm 
E01 ——0123/2- 20: 0 2 E v 9lt-x units 
Еј» = (6.6252 = 0.0005) * 10°" erg sec 
E/v — (4.13544 + 0.00015) 10755 ev-sec 
y/E — (5.0347 + 0.0004) х 10% ст” lerg^! 
2/Е = (8065.98 - 0.30) стт ev~ 
р Бб (1.50938 == 0.00012) xX 107 sec erg” 
у/Е-- (2.41812 -Е 0.00009) ХХ. 10% бес"! еу"! 


de Broglie wavelengths, A» of elementary 
particles * 


ЕСО coto ue FRE Ape — (7.27373 zt 0.00016) cm? sec! /v i 
= (1552260 £ 0.00008) X 10cm (erg)!/V E. 
= (12260377 = 0.000032) БӨПЕ cm (ev)i/V E 

Protons. aE aae Anp = (3.96145 + 0.00013) X 107 cm? sec™/v 


= (3.62261 + 0.00020) Х 107% ст (егв) УУ Е. 
== (2 60208 == 9.00012) < 107 сиех Б 
Ке а С” Ann = (3.95599 == 0.00013) х 10 ст" вес/у __ 
= (3.62005 = 0.00020) x 107? em (erg)!/V E 
== (2,86005 = 0.00012) Х 107 ст (еу): V. E 
Energy of 2200 m/sec neutron....... En = 0.0252977 = 0.0000006 ev 
Velocity of 1/40 ev neutron......... Uo.oas = 2187.017 2+ 0.028 т/ѕес 
The Rydberg and related derived constants 
R= 103 309 £ 0.012 cm 
Кес = (3.289847 = 0.000008) X 10" sec 
Rahe = (217961 000018) Ж 10Шегр5 


-В 
Е ое, 
Hydrogen ionization potential......... b= 21925978 0, 0005 ev 


Rig A 2 


¢ These formulas apply only to non-relativistic velocities. If the velocity of the particle is not negligi- 
ble compared to the velocity of light, c, or the energy not negligible compared to the rest mass energy, 


we must use Àp — Ac[e(e + 2) ]-1/2 where Xc is the appropriate Compton wavelength and «e is the kinetic 
energy measured in units of the particle rest mass. 
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TABLE 28.—GENERAL PHYSICAL CONSTANTS ACCORDING TO BEARDEN 
AND ASSOCIATES * 


Part 1t (atomic weights according to the physical scale unless otherwise indicated) 








Least-squares adjusted values of the fundamental atomic constants 


Atomic mass of hydrogen ............. Н -- (1.008142 = .000003) 
Atomic mass of deuterium ............ D = (2.014735 + .000006) 
Atomic mass of deuteron .............- а = (2.014186 + .000006) 
Atomic mass of proton s o eere aae М = (1.007593 = .000003) 
Atomic mass of electron mo т Nm — (5.48756 — .00018) x 107 
Electron mass ace. a e С ОТ m = (9.10818 = .00079) X 10-” g 


Reduced electron mass in hydrogen atom 
u = (9.10322 = .00072) X 10” g 
Ratio proton mass to electron mass...... 
М/тМ = (1836.139 = .054) 
Ratio of Siegbahn X-unit to milliangstrorn 
№,/А, = (1.002058 + .000039) 


Ratio of physical to chemical scales of 


atomic ме... М aa r — (1.0002783 = .0000005) 
В зз». EY Е = (9652.14 = .33) ети (к-ечшу)`* 
О а о v IE e = (4.80283 + .00022) X 10^" esu 
Specific electronic charge ........... e/m = (5.27309 + .00024) X 10” esu g` 
Е tess ss cma ccs « wae h = (6.62509 + 00059) x 10-7 erg sec 
Planck's constañt Х 1/2т .....-.4..... й = (1.05442 + .00009) Х 10-7 егр sec 


h/e = (1.37941 = .00006) X 107" erg sec (esu)! 
h/m к= (1727272 iue .00017) cm? sec! 


Avopadros number олень М = (6.02487 = .00045) x 10? molecules (g-mol)^ 
Вона S constant 2... k = (1.38039 = .00010) x 107% егр дер”! 
ШАН. No = (2.68719 + .00020) & 10*® molecules cm™ 
Rydberg for infinite mass ............ R» = (109737.311 + .012) ст” 
Rydberg [ог ћудгорел .............. Юн = (109677.578 + .012) em” 
Rydberg for deuterium ......... or Rp = (109707.419 = .012) cm” 
Gas constant рег то[е................ R. = (8.31665 + .00034) & 10’ erg mol дер“: 
Malar volume ea eeen A Vor (2.24207 = .00004) х 104 сіп то!“ 
Fine structure constant... wee а = (7.29729 + |00008) х 10: 

1/а = (137.0371 + .0016) 
Velocity of пен. 22222... с = (2.997925 = .000008) х 10% ст sec"! 
First radiation constant............... с: = (4.99175 + .00044) X 107 erg cm 
Second radiation constant............. с: = (1.43884 = .00004 cm deg 
Stefan-Boltzmann constant ........... о = (5.66858 -- .00053) X 105 erg cm? deg * sec! 
Wien displacement law constant...Amax 7 = (.289789 + .000009) cm deg 
Bohr magneton о uo = (.927313 Œ .000055) X 107? erg gauss” 


Theoretical magnetic moment of electron 
џе == (.928375 + .000055) X 10°” erg gauss™ 


Firs ВОТ и orae cs ERU ao = (5.29173 + .00006) Ж 10° ст 
Conversion factor for atomic mass units 

uo UAR нае Е, = (9.31145 — .0032) X 10" Mev (amu) 
Conversion factor for grams to Mev...E, — (5.61003 = .00026) х 10“ Меу р“ 
Wavelength associated with 1 ev...... № == (1.23976 + .00005) х 107 ст 


Wave number associated with 1 ev..... vo = (8.05611 + .00035) & 10% cm ev 


* For reference, see footnote 18a, p. 46. ) Ц 
f Private communication by J. A. Bearden. Data presented at May 1953 meeting of Physical Society 
at Washington by Bearden, Earle, Minkowski, Thomsen, Johns Hopkins University. 


Раг{ 2} 


Multiplier of (Curie constant)’” to give 

magnetic moment per molecule. V 3k/N = (2.62173 + .00009) « 10°” (erg mol deg”)! 
Atomic specific heat constant........ h/k — (4.79903 c .00023) X 10^" sec deg 
Schródinger constant for fixed nucleus.. 

2m/h? — (1.638995 a .000045) x 10% егр ст”? 

Schrodinger constant for H’* atom. .2u/h? = (1.638103 + .000045) « 10” erg™* cm? 
Energy associated with unit wave num- 

DS о оя Е, = (1.985698 + .000048) X 107? erg 
Ѕреей ої 1 еу ејесјгоп................ Vo = (5.931098 + .000046) Х 10" ст ѕес”" 


(continued) 


1 For reference, see footnote 18a, p. 46. 
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TABLE 28.—GENERAL PHYSICAL CONSTANTS ACCORDING ТО BEARDEN 
AND ASSOCIATES (concluded) 


Energy equivalent of electron mass. .. sc? — (.510969 7 .000009) Mev 


Energy associated with IK.. n m 
(КО/ЛЕ) ЖІП” ==>< 6. 01032 == 00042) xc 10-5 ev 


Temperature associated with ] ev..... To = (11605.9 = .6) дег К 
(Crating space calcite at 20°C 2. da = (3.03567 2 00005) 3410 cm 
Density of calcite at-20°@-....... eee p = {2.71030 == 00003) сет" 


Compton wavelength of electron... .A/mc — (2.420045 + .000025) Х 10- ст 
Zeeman displacement per gauss c/(Amimc) = (4.668885 + .00008) х 105° ст“ рай! 


Doublet separation 1n hydrogen. ......... 


us Ки а? = (3649900 = 0000037) cm? 
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56 TABLES 29-369—COMMON UNITS OF MEASUREMENT 


TABLE 29.—SPELLING AND ABBREVIATIONS OF THE COMMON UNITS OF 
WEIGHT AND MEASURE 


The spelling of the metric units is that adopted by the International Committee on 
Weights and Measures and given in the law legalizing the metric system in the United 
States (1866). The use of the same abbreviation for singular and plural is recommended. 
It is also suggested that only small letters be used for abbreviations except in the case of 
A for acre, where the use of the capital letter is general. 


Unit 
acre 
are 
avoirdupois 
barrel 
board foot 
bushel 
carat, metric 
centare 
centigram 
centiliter 
centimeter 
chain 
cubic centimeter 
cubic decimeter 
cubic dekameter 
cubic foot 
cubic hectometer 
cubic inch 
cubic kilometer 
cubic meter 
cubic mile 
cubic millimeter 
cubic yard 
decigram 
deciliter 
decimeter 
decistere 
dekagram 
dekaliter 
dekameter 
dekastere 
dram 
dram, apothecaries’ 
dram, avoirdupois 
dram, fluid 
fathom 
foot 
firkin 
furlong 
gallon 
grain 
gram 
hectare 
hectogram 
hectoliter 
hectometer 
hogshead 
hundredweight 
inch 


Abbreviation 


A 

a 

av 
bbl 
bd ft 


drapor 5 
dr av 

fl dr 

fath 

ft 

fir 

fur 

gal 

gr 
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Unit 
kilogram 
kiloliter 
kilometer 
link 
liquid 
liter 
meter 
metric ton 
micron 
mile 
milligram 
milliliter 
millimeter 
millimicron 
minim 
ounce 
ounce, apothecaries’ 
ounce, avoirdupois 
ounce, fluid 
ounce, troy 
peck 
pennyweight 
pint 
pound 
pound, apothecaries’ 
pound, avoirdupois 
pound, troy 
quart 
rod 
scruple, apothecaries 
square centimeter 
square chain 
square decimeter 
square dekameter 
square foot 
square hectometer 
square inch 
square kilometer 
square meter 
square mile 
square millimeter 
square rod 
square yard 
stere 
ton 
ton, metric 
troy 
yard 


; 





Abbreviation 


mi 
mg 
ml 
mm 
ma 
min. or Tl 
02 
ozapor 3 
о2 ау 
fl oz 
ozt 
pk 
dwt 
nt 

Ib 

lb ap 
ІҺ ау 
lbt 
qt 

rd 
зар ог Э 
ст? 
сһ? 
йт? 
dkm? 
ft? 
hm? 
in.? 
km* 
m? 
mi? 
mm? 
га? 
уа? 

5 

іп 

t 

t 

yd 
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TABLE 30.—DIMENSIONAL EQUATIONS OF FUNDAMENTAL AND 
DERIVED UNITS 


Conversion factors.— The dimensional formulas given in this table have many uses. 
One is to assist in changing a quantity from one system of units to another (see page 2). 
A simple scheme for transforming an expression from one set of units to another is given 
in Weniger's text, "Fundamentals of College Physics." Place the known number of the 
quantity with its units properly given, equal to an unknown number, х, of the same 
quantity properly expressed in the desired units. Proceed to cancel, treating the units 
just like algebraic quantities. Suppose it be desired to express 60 meters per second in 
miles per hour. Write: 

60m _ rmi 


sec hr 





Cancel sec and hr and write 3600 near the larger unit. Cancel m and m1 and write 1609.3 
near the larger unit. This gives: АИ 
26.82 


00 т a xm) 1609.3 
sec һг 3600 


Solving, X — 134, and the desired expression is 134 mi/hr. 

More complicated expressions are handled in a similar manner. In a heat-flow problem, 
suppose it becomes necessary to express 15 Btu hr^ ft? with a temperature gradient of 
1°F per ft in terms of cal sec! cm" with a gradient of 1*C/cm. Write: 


15 Btu I | са) ст 
Вт °F sec cm? "С 


Cancel ft in numerator and denominator, and cm similarly. Remember that 1 Btu is 252 
cal, and cancel. A sec goes into l Ar 3600 times. Cancel cm and ft and write 30.48. 
Remember that 9°F equal 5°C. Solving, x — 0.062. (See Table 2.) 

If the numeric before the known quantity is unity, + comes out as the conversion factor 
for these units. 

The dimensional formule lack one quality which is needed for completeness, an indica- 
tion of their vector characteristics; such characteristics distinguish plane and solid angle, 
torque and energy, illumination and brightness. 











Part 1.—Fundamental units 





The fundamental units most commonly used are: length [/]; mass [1]; time [1]; 
temperature [6] ; and for the electrostatic system, dielectric constant [5]; for the electro- 
magnetic system, permeability [u]. The formule will also be given for the International 
E of electric and magnetic units based on the units length, resistance [r], current [7], 
and time. 

When writing fractions, using the solidus, care is required to make the meaning definite: 
n RE LER or Btu/(hr) (ft?) (^F/m) is not clear, but Btu/[hr X ft x (?*F/m] 
15 dennite. 


(continued ) 
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TABLE 30.—DIMENSIONAL EQUATIONS OF FUNDAMENTAL AND 


DERIVED UNITS (continued) 


Part 2.—Derived units (geometric and heat) 


Name of unit 


Area, surface ......... 
Volume 


Solid angle 
(Спгуатпте............ 
Angular velocity 


Linear velocity 
Angular acceleration . 
Linear acceleration 


.еееее 


Density 
Moment of inertia..... 
Intensity of attraction. 


Momentum 
Moment of momentum. 
Angular momentum 


Force 

Moment 
torque 

Work. energy 


of couple, 


Ромег аспуйу ....... 
Intensity" of stress... 
Modulus of elasticity.. 


Compressibility 
Resilience 
Viscosity 


e е ө ө 9» $9 9 е $ ө ә о 


Conversion 
factor 
Гтғ1%421 
y 2 
2 0 
3 0 
0 0 
0 0 
--1 0 
0 —1 
] —1 
0 —2 
1 --2 
—3 0 
2 0 
1 --2 
1 -- 
2 —1 
2 -- 
1 --2 
2 --2 
2 —2 
2 —3 
—] --2 
—1 --2 
1 2 
--1 --2 
—] —1l 


Name of units 


(Heat and light) 
Quantity of heat: 
thermal units 
thermometric units. 
dynamical units ... 


Coefficient of thermal 
expansion 


Thermal conductivity : 
thermal units ..... 
thermometric units 

or diffusivity.... 
dynamical units ... 


Thermal capacity 


Latent heat: | 
thermal units. 
dynamical units ... 


Joule's equivalent.... 


Entropy : 
heatinthermal units. 
heat in dynamical 

СОИ а 


Luminous intensity . 
Illumination 
Brightness 
Visibility 


огоо овое е 


. « « « о « « + s 


— > — 


Luminous efficiency... —1 


Conversion 


actor 


[m7/"t*5"] 
NIMM 
y 2 v 
0 0 1 
3S0 EI 
2 —2 0 
0 0—1 
—}-1 0 
2 —1 0 
1—3 —1 
0 0 0 
Об! 
2—2 0 
2 —2 —1 
0 0 0 
2 —2 1 
0 02712 
—2 0 Ты 
—2 0 1» 
—2 3 ])* 
—2 3 1* 


* For these formule the numbers in the last column are the exponents of F where F refers to the 


luminous flux. 


SMITHSONIAN PHYSICAL TABLES 


For definitions of these quantities see Tables 70 and 72. 


(continued) 


TABLE 30.—DIMENSIONAL EQUATIONS OF FUNDAMENTAL AND 39 
DERIVED UNITS (concluded) 


Part 3.—Derived units (electrical and magnetic) 





——————— - - - - — mi -- --- ще 


Conversion factor 





Electrostatic Electromagnetic лари \bsolute 

system system me system 

е mztlvt?bv тд“ { утјијгј“ 

»yn- пп А j 

| Name of unit bol ^ Po. 2 v сравни 5 v Fu. = t 
Quantity of electricity..... Q j ЖЕ! 1 7 NC йб 1 0 1 
Electric displacement ..... D 1 —1i1 —] 1 ) —1 Е 0 1 —2 1 
Electric surface density... D 3—1 —] 1 у=] Se 0 196222 1 
Electric field intensity..... Е DM) ei 1 M. 12 1 | 1 0 
metric potential ......... M $ ij —| —i ) | —2 2 ОЕ 1 1 0 0 
Electromotive force ...... E J 1—1 —–} i 3 —2 | 1c 1 1 0 0 
Electrostatic capacity ..... (Ё 0 [| 0 1 0 —1 2 oz]. к 0 0 0 
Dielectric constant ....... K 0 0 0 1 2 DEED NES] ШЕ 1 
Specific inductive capacity. — 0 0 0 0 0 0 0 0 0 0 0 0 
ШОО. ................ І 1 1 —2 i i | —] —Ài c 0 1 0 0 
Electric conductivity ..... y 0 0 —1 1 0 —2 1-1 с —1 0 —1 0 
Шуну ............... р 0 0 1 —1 0 2 —1 Пс 1 0 1 0 
О сапсе ............. g 0 1-і 1 0 —1 1-1 c —1 0 0 0 
Ши іксе ............... R 0 —1 | —1 0 1 —1 ШЕ с? 1 0 0 0 
Magnetic pole strength.... m 4 1 0-4 } > —l 4 1c 1 1 0 1 
Quantity of magnetism.... m 5 5 0-5 1 22-1 Tac 1 1 0 ] 
Meetic flux ............ o i 5 0 —1 } = —1 ис 1 1 0 1 
Magnetic field intensity.... H 4 1 —2 5 1 —Y —] —i c 0 0 —1 0 
Magnetizing force ....... H j 1 —2 1 j —1 —] —›} c 0 0 —1 0 
Meaenectic potential ....... Q i ij —2 5 1 |» —] —3i c 0 1 0 0 
Magnetomotive force ..... <р 1 + —2 1 5 | —] —i c 0 1 0 0 
Meenetic moment ........ — i Y 0 —i 5 5 21 $ 1/с 1 1 1 1 
Intensity magnetization ... J 1 — 0 -- 1 —V —] 14 17 1 1 —2 1 
Magnetic induction ....... B у — 3 0 —i 1! —} —] $ l'ec 1 1 —2 1 
Magnetic susceptibility ... к 0 —2 2 —] 0 0 0 г № 1 0 —1 1 
Magnetic permeability ... 4 0 —2 2 —1 0 0 0 1 1 1 0 —1 1 
(тепе density .......... — j —1 —2 4 1—3 —] —› с 0 1 —2 0 
SEEImductance .......... Ко 0 —1 2 —1 0 1 0 ІШ “Ге” 1 0 0 1 
Mutual inductance ....... (00-1 2-1 07.1 0 г/с MOL 
MiEnNetic reluctance ...... R 0 1 —2 1 0 —1 0—1 с —1 0 0 —1 
Thermoelectric power i ... — у | —1 — 8 4 3 —2 iT l/c 1 1 0 Ot 
Pemier coefficient it ....... - 1 $ 3 » —2 ll l'c ] 1 0 0+ 


* As adopted by .\merican Institute of Electrical Engineers, 1915. | 

tc is the velocity of an electromagnetic wave in the ether = 3 х 1010 approximately. 

f This conversion factor should include ([5:!]. 
р 
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TABLE 32.—TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES * 


Meters to 
inches 


39.3700 
78.7400 
118.1100 
157.4800 
196.8500 


236.2200 
275.5900 
314.9600 
354.3300 


Мо ом е Cn 4 Cb) — 


Square 
centi- 
meters 


Part 1.—Metric to customary 


Linear 


Meters to 
feet 


3.28083 
6.56167 
9.84250 
1312333 
16.40417 


19.68500 
22.96583 
26.24667 
20:502750 


Meters to 
yards 


1.093611 
2.187222 
3.280833 
4.374444 
5.468056 


6.561667 
71655278 
8.748889 
9.842500 


Square 
== 


Square 
meters 


Square 
meters 


Kilometers 


to miles 
0.62137 
1.24274 
1.86411 
2.48548 
3.10685 


1728272 
4.34959 
4.97096 
2239203 


to square to square to square Hectares 


inches 


feet 


yards 


to acres 


мо CONTIN Cn Оз 6 — 


0.1550 
0.3100 
0.4650 
0.6200 
0.7750 


0.9300 
1.0850 
1.2400 
1.3950 


10.764 
21.528 
32292 
43.055 
53.819 


64.583 
75.347 
86.111 
96.875 


1.196 
2.392 
3.588 
4.784 
5.980 


77G 
8.3/2 
9.568 
10.764 


2.471 
4.942 
7.413 
9.884 
12:353 


14.826 
17.297 
19.768 
22 


i ————_ 


Cubic 





О оо м © On О > — 





ee ie 
Cubic 


centi- 

meters 
to cubic 
inches 


0.0610 
0,1220 
0.1831 
0.2441 
0.3051 


0.3661 
0.4272 
0.4882 
0.5492 


Cubic 
deci- 
meters 
to cubic 
inches 


61.023 
122.047 
183.070 
244.094 
305.117 


366.140 
427.164 
488.187 
549.210 


f 


Cubic 
meters to 
cubic 
feet 


35.314 
70.269 
105.943 
141.258 
176.572 


211.887 
247.201 
2862516 
317.830 


Cubic 
meters to 
cubic 
yards 


1.308 
2.616 
3.924 
5232 
6.540 


7.848 
9.156 
10.464 
ШЕ! 


ооо On 4 Co b — 


Мо о м СА ол Сә КО == 


Сарасну 
Milli- 
litersor 
cubic Centi- 
centi- liters Deca- 
meters to Liters liters 
to fuid fluid to to 
drams ounces quarts gallons 
0.27 0.338 1.0567 2.6418 
0.54 0.676 2.1134 5.2836 
0.81 1.014 3.1701 7.9253 
108 1.353 4.2268 10.5671 
135 1.691 5.2836 13.2089 
162 2.029 6.3403 15.8507 
1.89 2.367 7.3970 18.4924 
216 7 2705 84537 211342 
2.43 3.043 9.5104 23.7760 
Mass 
= 
Hecto- 
grams to 
Milli- Kilo- ounces 
grams to grams to avoir- 
grains grains dupois 
0.01543 15432.36 3.5274 
0.03086 30864.71 7.0548 
0.04630 4629707 10.5822 
0.06173 61729.43 14.1096 
0.07716 77161.78 17.6370 
0.09259 92594.14 21.1644 
0.10803 108026.49 24.6918 
0.12346 123458.85 282192 
0.13889 138891.21 31.7466 
Mass 
Milliers 
or 
Ouintals to. tonnes to 
pounds av. pounds av. 
1 220.46 2204.6 
2 440.92 4409.2 
3 661.39 6613.9 
4 881.85 8818.5 
5 1102.31 11023.1 
6 132277 122272 
7 1543.24 15432.4 
8 1763.70 17637.0 
9 1984.16 19841.6 





Hecto- 
liters 


DU els 
2.8378 
5.6756 
8.5135 
11.3513 
14.1891 


17.0269 
19.8647 
22.7026 
25.5404 


Kilo- 


grams to 


pounds 
avoir- 
dupois 


2.20462 
4.40924 
6.61387 
8.81849 
11.02311 


13.22773 
15.43236 
17.63698 
19.84160 


O ENN 


Kilo- 
grams to 
ounces 

troy 


32.1507 
64.3015 
96.4522 
128.6030 
160.7537 


192.9045 
225.0552 
257.2059 
289.3567 





In the Uniied States since 1893 all units in the above table have been derived from the 


same standartls ot ‘engin and mass. Therefore all equivalents (except those involving the 


liter) depend only on numerical definitions. The liter is the volume of one kilogram of 
pure water at tne temperature of its maximum density and under a pressure equivalent to 
760 millimeters of mercury. The liter was determined by the Internationa! Bureau of 
Weights and Measures in 1910 to equal 1.000027 dm*. (National Bureau of Standards.) 
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TABLE 32.—TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES 


(continued) 


Part 2.—Customary to metric 





Inches 
to 
milli- 
meters 

25.4001 
50.8001 
76.2002 
101.6002 
127.0003 


152.4003 
177.8004 
203.2004 
228.6005 


хо оомо) ол сіу 


Ілпеаг 


Ад ŘŮĂŮĖĖ— 


Feet to 
meters 


0.304801 
0.609601 
0.914402 
1.219202 
1.524003 


1.828804 
2.133604 
2.438405 
2.743205 


Square 


Yards to 
meters 


0.914402 
1.828804 
2.743205 
3.657607 
4.572009 


5.486411 
6.400813 
7.315215 
8.229616 


хм сл О моу 


мю CONIA 1 & G N |m 


Square 
inches 
to 
square 
centi- 
meters 


6.452 
12.903 
19.355 
25.807 
32.258 


38.710 
45.161 
51.613 
58.065 


Square 
feet to 
square 
eci- 
meters 
9.290 
18.581 
27.871 
37.161 
46.452 


55.742 
65.032 
74.323 
83.613 


Square 
yards to 
square 
meters 


0.836 
1.672 
2.508 
3.345 
4.181 


5.017 
5.853 
6.689 
7-525 


Cubic 


Acres 
to 
hectares 


0.4047 
0.8094 
1.2141 
1.6187 
2.0234 


2.4281 
2.8328 
3.2375 
3.6422 


Miles 
to kilo- 
meters 


1.60935 
3.21869 
4.82804 
6.43739 
8.04674 


9.65608 


11.26543 
12.87478 
14.48412 


шю оо м СА Cn 4» сә М — 


Дт -. 


Cubic 


inches to 


cubic 
centi- 
meters 


16.387 
32.774 
49.161 
65.549 
81.936 
98.323 
114.710 
131.097 
147.484 


ооо сл с К 


Fluid 
drams to 
milli- 
liters or 
cubic 
centi- 
meters 


3.70 
7.39 
11.09 
14.79 
18.48 


22.18 
25.88 
29.57 
33.27 


Capacity 


Fluid 
ounces 
to 
milli- 
liters 

29.57 
59.15 
88.72 
118.29 
147.87 


177.44 
207.01 
236.58 
266.16 


Liquid 
quarts 
to 
liters 


0.94633 
1.89267 
2.83900 
3.78533 
4.73167 


5.67800 
6.62433 
7.57066 
8.51700 


Cubic 
feet to 
cubic 
meters 


0.02832 
0.05663 
0.08495 
0.11327 
0.14159 
0.16990 
0.19822 
0.22654 
0.25485 


Cubic 
yards to 

cubic 
meters 


0.765 
1.529 
2.204 
3.058 
3.823 
4.587 
5:152 
6.116 
6.881 


Bushels 
to 
hecto- 
liters 


0.35239 
0.70479 
1.05718 
1.40957 
1.76196 
2.11436 
2.46675 
2.81914 
3.17154 


Grains to 
milli- 
grams 
64.7989 
129.5978 
194.3968 
259.1957 
323.9946 


388.7935 
453.5924 
518.3913 
583.1903 


1 mile (statute) 


Mass 
вв ББ 


A voir- 
dupois 
ounces 
to 
grams 


28.3495 
56.699] 
85.0486 
113.3981 
141.7476 


170.0972 
198.4467 
226.7962 
255.1457 


Avoir- 

dupois 
pounds 
to kilo- 
grams 


0.45359 
0.90718 
1.36078 
1.81437 
2.26796 


2.72185 
3.17519 
3.62874 
4.08233 


— 5280 feet 


Gallons 
to 
liters 


3.78533 
7.57066 
11.35600 
15.14133 
18.92666 


22.71199 
26.49733 
30.28266 
34.06799 


Troy 
ounces 
to grams 


31.10348 
62.20696 
93.31044 
124.41392 
155.51740 


186.62088 
217.72437 
248.82785 
279.93133 


1 mile (nautical) — 6080.20 feet 
1 Gunter’s chain 


1 sq. statute mile 


1 fathom 


1 nautical mile 


1 foot 


I avoir. pound 
15432.356 grains 


1 liter 


20.1168 meters 

259.000 hectares 
1.829 meters 

= 1853.25 meters 
0.304801 meter 

453.5924 grams 
1.000 kilogram 

= 1000.028 + .004 cm’ 


The length of the nautical mile given above, and adopted by the U. S. Coast and Geodetic 


Survey many years ago, is defined as that of a minute of arc of a great circle of a sphere 
whose surface equals that of the earth (Clarke’s Spheroid of 1866). 
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TABLE 32.—TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES 


(concluded) 


Part 3.—Miscellaneous equivalents of U. S. and metric weights and measures ” 
(For other equivalents than those below, see Tables 30, 31, and 33.) 





LINEAR MEASURES 
] mil (.001 in.) — 25.4001 u 
] in. — .000015783 mile 
] hand (4 in.) = 10.16002 ст 
1 link (.66 ft) = 20.11684 cm 
1 span (9 in.) = 22.86005 cm 
1 fathom (6 ft) = 1.828804 m 
l rod (54 yd) (25 links) = 5.02910 m 
1 chain (4 rods) = 20.11684 m 
l light year (9.5 X 10" km) — 5.99 x 10" 


miles 
І рагѕес (31 X 10" km) — 19 X 10" miles 
өн in. — .397 тт asin. = .794 тт 


ik in. — 1.588 mm fin, = 3 175 тт 
1 "m = 6.350 mm iin. — 12.700 mm 
1 angstrom unit — .0000000001 m 
l micron (a) = .000001 m = .00003937 in. 
1 millimicron (my) = .000000001 тп 
1 т = 4.970960 links = 1.093611 yd 
= .198838 rod = .0497096 chain 


SQUARE MEASURES 

1 sq. link (62.7264 in.?) = 404.6873 cm? 

1 sq. rod (625 sq. links) — 25.29295 m* 

1 sq. chain (16 sq. rods) — 404.6873 m* 

l acre (10 sq. chains) = 4046.873 m? 

1 sq. mile (640 acres) — 2.589998 km? 

1 km’ = .3861006 sq. mile 

] m* — 24.7104 sq. links = 10.76387 ft? 

—.039537 sq. rod —.00247104 sq. 

chain 


CUBIC MEASURES 


1 board foot (144 in.*) — 2359.8 cm? 
1 сога (128 #°) = 3.625 т? 


CAPACITY MEASURES 


] minim (m) — .0616102 ml 
1 fl. dram (60 m) — 3.69661 ml 
1 fl. oz (8 fl. dr) — 1.80469 in? 
= 20 AG 29 ml 
1 gil d . 02.) == 7.21875 іп. = 118.292 


] liq. Ты (28.875 1п.") = .473167 1 

] liq. qt (57.75 т.) = .946333 1 

1 gallon (4 qt, 231 in.) = 3.785332 1 

1 4гу ре (33.6003125 іп.5) -- .550599 1 

] dry qt (67.200625 in^) = 1.101198 1 

1 рк (8 dry qt, 537.605 in.*) = 8.80958 1 

1 bu (4 pk, 2150.42 in.*) = 35.2383 1 

1 firkin (9 gallons) — 34.06799 ] 

1 liter = .264178 gal = 1.05671 liq. qt 
= 33.8147 fl. oz = 270.518 fl. dr 

1 ml. = 16.2311 minims. 

1 dkl. = 18.1620 dry pt = 9.08102 dry 4: 
= 1.13513 pk = .28378 bu 


MASS MEASURES 
Avoirdupois weights 
1 grain = .064798918 g 
1 dram av. (27.34375 gr) = 1.771845 g 
l oz av. (16 dr av.) = 28.349527 g 
ІІБ av. (16 oz av. or 7000 gr) 
— 14.583333 oz ap. (3) or oz t. 
— 1.2152778 or 7000/5760 1b ap. 
or t. 
-- 453.5924277 g 
1 Ке = 2.204622341 1Ь ау. 
lg = 15.432356 gr = .5643833 dr av. 
= .03527396 oz av. 
1 short hundred weight (100 Ib) 
l] long hundred weight (112 15) 
= 50.802352 kg 
1 short ton (2000 Ib) 
l long ton (2240 1b) 
= 1016.04704 kg 
1 metric ton = 0.98420640 long ton 
= 1.1023112 short tons 


Troy weights 


1 pennyweight (dwt 24 gr) = 1.555174 g 
gr, oz, pd are same as apothecary 


A pothecaries’ weights 


gr — 64.798918 mg 
scruple. (9,20 gr) = 1.2959784 g 
] dram (3, 3 3) — 3.8879351 g 
1 о? (5,8 5) = 31.103481 2 
116 (125, 5760 ет) = 373.24177 g 
1 g = 15.432356 gr — 0.771618 Ə 

= 0.25720593 = .03215074 5 
1 kg = 32.150742 3 = 2.6792285 |b 


1 metric carat = 200 mg = 3.0864712 gr 


U. S. 4 dollar should weigh 12.5 g and the 
smaller silver coins in proportion. 


19 Taken from Circular 47 of the National Bureau of Standards, 1915, which see for more complete 


tables. . 
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TABLE 33.—EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS 
AND MEASURES * 


(For U. S. Weights and Measures, see Table 32.) 


Part 1.—Metric to imperial 


LINEAR MEASURE MEASURE OF CAPACITY 
I millimeter (mm) } _ — 903937 in. ЕТӘ 
.001 m т iter ; : 
l centimeter (.01 m). — 0.39370 in. T . — [0.61024 11.3 
1 десітеќег (1 т) = 3.93701 in. 1 centiliter ООА 
39.370113 in. 1 deciliter (.1 liter) = 0.176 pint 
1 МЕТЕВ (т) . . .= 3.280843 ft l LITER (1,000 cu. 
A 1.09361425 yd cent EE P l] > = 1.75980 pints 
ekameter к cu. decimeter 
(10 m) ) . .= 1093614 yd | dekaliter (1Oliters) = 2.200 gallons 
] hectometer } — 109.361425 vd l hectoliter (100 “ ) = 2.75 bushels 
‚900 т) "Эма | у l kiloliter (1,000 “ ) = 3.437 quarters 
Нотеѓег : 
(1,000 m) } . += 062137 mile APOTHECARIES' MEASURE 
myriameter „= _ 621372 тї! ] cm? 0.03520 fluid ounce 
| (10,000 E ы ШЕП || 0.28157 fluid drachm 
micron. . . . .= 0.001 тт w't) : 15.43236 grains weight 
] mm? = 0.01693 minim 
AVOIRDUPOIS WEIGHT 
SOUARE MEASURE 1 milligram (mg) . «== 0.01543 grain 
д Ө »- lcentigram (.01 gram) = 0.15432 grain 
DON CREE СИ у l decigram (.] ) = 1.54324 grains 
1 m (100 ст”) = 10.7639 £t l GRAM . . . . « «== 15.43236 ¢rains 
m or E р } == E 1 dekagram (10 grams) = 5.64383 drams 
а: 00") d 519160 ya Е 
l hectare (100 ares) = ee Be 1 KILOGRAM (1,000 “ ) = | 154323564. 
or 10,000 m?) = i i ; grains 


]myriagram (10 kg) = 22.04622 Ib 
1 quintal (100 “)= 1.96841 с 
] millier or 8) Ее 008210 


CUBIC MEASURE (1,000 kg) 


Готи то Т == 0.0610 1n? TROY WEIGHT 

m* (1,000 cm -= ОО in 0.03215 oz troy 

1 т? ог ѕќеге — (35.3148 16 l GRAM . = 0.64301 ТЕ. 
00 аю) ) - 7 Urvosye 1543236 grains i 


APOTHECARIES' WEIGHT 


0.25721 drachm 
l GRAM . . = 4 0.47162 scruple 


15.43236 grains 





Note.—The METER is the length, at the temperature of 0°C, of the platinum-iridium bar 
d at the International Bureau of Weights and Measures at Sévres, near Paris, 

rance. 

The present legal equivalent of the meter is 39.370113 inches, as above stated. 

The KiLocRAM is the mass of a platinum-iridium weight deposited at the same place. 

The Liter contains 1 kilogram weight of distilled water at its maximum density (4°C), 
the barometer being at 760 millimeters. 


* In accordance with the schedule adopted under the Weights and Measures (metric system) Act, 1897. 


(continued) 
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TABLE 33.—EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS 
AND MEASURES (continued) 


(For U. S. Weights and Measures, see Table 32.) 


Part 2.—Metric to imperial, multiples 





Linear measure 


Meters 
to 
feet 
3.28084 
6.56169 
9.84253 
13.12337 
16.40421 


19.68506 
22.96590 
26.24674 
2052758 


Millimeters 
. to 
inches 


0.03937011 
0.07874023 
0.11811034 
0.15748045 
0.19685056 


0.23622068 
0.27559079 
0.31496090 
0.35433102 


© CONTI СА п м 


Meters 
to 
yards 


1.09361 
2.18723 
3.28084 
4.37446 
5.46807 


6.56169 


7.65530 


8.74891 
9.84253 


Square measure 


Square 
centi- Square 
meters meters 
to to 
square square 
inches feet 


0.15500 10.76393 
0.31000 21.52786 
0.46500 32.29179 
0.62000 43.05572 
0.77500 53.81965 


0.93000 64.58357 
1.08500 75.34750 
1.24000 86.11143 
1.39501 96.87536 


O CONT ON Cn Оз = 


Cubic measure 


Cubic 

deci- Cubic 
meters to meters to 

cubic cubic 

inches feet 


61.02390 
122.04781 
183.07171 
244.09561 
305.11952 


366.14342 
427.16732 
488.19123 
549.21513 


© бо ~ СА Cn 4» G9 b) — 


35.31476 
70.62952 
105.94428 
141.25904 
176.57379 


211.88855 
247.20331 
282.51807 
317.83283 


Square 
meters 
to 
square 
yards 


1.19599 
2.39198 
3.58798 
4.78397 
5.97996 


7.17595 
8.37194 
9.56794 


10.76393 


Cubic 
meters 
to 
cubic 
yards 


1.30795 
2.61591 
3.92386 
5.23182 
6.53977 


7.84772 
9.15568 


10.46363 
11.77159 
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Kilo- 
meters 
to miles 


0.62137 
1.24274 
1.86412 
2.48549 
3.10686 


3.72823 
4.34960 
4.97097 
5.59235 


Hectares 


to 
acres 


2.4711 
4.9421 
7.4132 
9.8842 
12.3553 


14.8263 
17.2974 
19.7685 
22,2099 


Apothe- 
caries’ 
measure 


Cubic 
centi- 
meters 
to fluid 
drachms 


0.28157 
0.56314 
0.84471 
1.12627 
1.40784 


1.68941 
1.97098 
2.25055 
2.53412 


(continued) 
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DONDA олоо 


Measure of capacity 


8.85786 


Liters Deka- Hecto- 
to liters to liters to 
pints gallons bushels 
1.75980 2.19975 2.74969 
3.51961 4.39951 5.49938 
5.27941 6.59926 8.24908 
7.03921 8.79902 10.99877 
8.79902 10.99877 13.74846 
10.55882 13.19852 16.49815 
12.31862 15.39828 19.24785 
14.07842 17.59803 21.99754 
15.83823 19.79778 24.74723 
Weight (Avoirdupois) 
Milli- Kilo- Kilo- 
grams grams grams 
to to to 
grains grains pounds 
0.01543 15432.356 2.20462 
0.03086 30864713 4.40924 
0.04630 46297.069 6.61387 
0.06173 61729.426 8.81849 
0.07716 77161.782 11.02311 
0.09259 92594138 13.22773 
0.10803 108026.495 15.43236 
0.12346 123458.851 17.63698 
0.13889 138891.208 19.84160 
Avoirdupois 
(cont.) Troy weight 
Milliers Grams Grams 
or to to 
tonnes to ounces penny- 
tons troy weights 
0.98421 0.03215 0.64301 
1.96841 0.06430 1.28603 
2.95262 0.09645 1.92904 
3.93683 0.12860 2.57206 
4.92103 0.16075 3.21507 
5.90524 0.19290 3.85809 
6.88044 0.22506 4.50110 
7.87365 0.25721 5.14412 
0.28936 5.78713 


_Kilo- 
liters to 


quarters 


3.43712 
6.87423 


10.31135 
13.74846 
17.18558 


20.62269 
24.05981 
27.49692 
30.93404 


Quintals 
to 
hundred- 
weights 
1.96841 
3.93683 
5.90524 
7.87 365 
9.84206 


11.81048 
13.77889 
15.74730 
17.71572 


Apothe- 
caries’ 
weight 


Grams 
to 
scruples 


0.77162 
1.54324 
2.31485 
3.08647 
3.85809 


4.62971 
5.40132 
6.17294 
6.94456 
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TABLE 33.—EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS 
AND MEASURES (continued) 


(For U. S. Weights and Measures, see Table 32.) 


Part 3.—Imperial to metric 


LINEAR 


linch . 

1 foot (12 in). 

l yard (3 ft) 

l pole (54 yd) . 

l chain (22 yd g) 
100 links) 

l furlong (220 yd) 

1 mile (1,760 yd) 


lyard . 


MEASURE 


25.400 millimeters 
0.30480 meter 
0.914399 meter 
5.0292 meters 


20.1168 meters 


201.168 meters 
1.6093 kilometers 


И 


|| || 


ШТ X Cd: 


(Tutton 1932) 


SQUARE MEASURE 


и . о. 
1 ft? (144 in.?) 
ТУ)... 
1 perch (304 yd?) 
1 rood (40 perches) 
1 АСВЕ (4840 yd?) 
1 mi’ (640 acres) 


CUBIC 
lm. == 
Lit? (1728 in. 1) — 
lyo (27 it). .= 


6.4516 cm? 
9.2903 dm? 
0.836126 m? 
25.293 m? 
10.117 ares 
0.40468 hectare 
259.00 hectares 


ІЛГІПІГІГІГІ 


MEASURE 


16.387 cm? 
0.028317 m?or 28.317 
ат? 


0.76455 m? 


APOTHECARIES' MEASURE 


1 раПоп (8 pints or 
160 fluid ounces) 
1 fluid ounce, f 3 (8 


drachms) 
]flud drachm, f 


minims) 


] minim, m, (0.91146 


grain weight) 


= 4.5459631 liters 
= 25 41237 Сп 
=: 3.5315 6115 
= 0.05919 cm 


`) 


Note.—The apothecaries’ gallon is of the same 
capacity as the Imperial gallon. 


MEASURE OF CAPACITY 


1 gill 

Voi (4 gills) . 

1 quart (2 pt) 

1 GALLON (4 qt) 
l peck (2 gal) . 
1 bushel (8 gal) 
l quarter (8 bu) 


. — 1.42 deciliters 

. — 0.568 liter 
= 1.136 liters 
= 4, 5459631 liters 


. — 2.909 hectoliters 


AVOIRDUPOIS WEIGHT 


] grain 

1 агат . . 

1 ounce (16 dr). 

1 PoUND (16 oz or 
7,000 grains) 

1 stone (14 Ib) . 

l quarter (28 1b) 

1 hundredweight 
(112 15) 


l] ton (20 cwt) . 


TROY 
l troy ounce (480 
grains av) 
l] pennyweight (24 
grains) 
Note.—The troy grain 


. = 


. = 64.8 milligrams 
1.772 grams 


. — 28.350 grams 


0.45350243 kg 


= 0.500 ke 


12.70 kg 
50.80 kg 
0.5080 quintal 
| 1.0160 tonnes or 


1016 kilo- 
grams 


WEIGHT 
} — 31.1035 grams 
= 1.5552 grams 


is of the same weight as 


the avoirdupois grain. 


APOTHECARIES' WEIGHT 


] ounce(8 drachms) . 
1 drachm, 31 (3 scruples) — 


. — 31.1035 grams 
— 3.888 grams 


l scruple, 2i (20 grains) — 1.296 grams 


Note.—The apothecaries, ounce is of the same 


weight as t 


e troy ounce. 


The apothecaries' 


grain is also of the same weight as the avoir- 


dupois grain. 


NorE.— The Yamp is the length at 62?F, marked on a bronze bar deposited with the 


Board of Trade. 


The Pounp is the weight of a piece of platinum weighed in vacuo at the temperature of 
0*C, and which is also deposited with the Board of Trade. 
The GaLLoN contains 10 lb weight of distilled water at the temperature of 62?F, the 


barometer being at 


30 inches. 


(continued) 
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TABLE 33.—EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS 
AND MEASURES (concluded) 


(For U. S. Weights and Measures, see Table 32.) 


о о ме an > № == 


ооо ne Whore 


OOO NTO Cn 4 С N -— 


Inches 
to 
centi- 
meters 


2.539998 
5.079996 
7.619993 
10.159991 
12.699989 


15.239987 
17.779984 
20.319982 
22.859980 


Square 
inches 
to square 
centi- 
meters 


6.45159 
12.90318 
19.35477 
25.80636 
32.25794 


38.70953 
45.16112 
51.61271 
58.06430 


Part 4.—Imperial to metric, multiples 


Linear measure 


Feet 
to 
meters 


0.30480 
0.60960 
0.91440 
1.21920 
1.52400 


1.82880 
2.13360 
2.43840 
2.74320 


Yards 
to 
meters 


0.91440 
1.82880 
2.74320 
3.65760 
4.57200 


5.48640 


6.40080 
7.31519 
8.22959 


Square measure 


Square 
feet to 
square 
deci- 
meters 


9.29029 
18.58058 
27 87086 
47 16115 
46.45144 


55.74173 
65.03201 
74.32230 
83.61259 


Зачаге 
yards to 
square 
meters 


0.83613 
1.67225 
2.50838 
3.34450 
4.18063 


5.01676 
5.85288 
6.68901 
7.52513 


Cubic measure 


Cubic 
inches 
to cubic 
centi- 
meters 


16.38702 
32.77404 
49.16106 
65.54808 
81.93511 


98.32213 
114.70915 
131.09617 
147.48319 


Cuhic 
feet. 
to cubic 
meters 


0.02832 
0.05663 
0.08495 
0.11327 
0.14158 


0.16990 
0.19822 


.0.22653 


0.25485 


Cubic 
yards 
to cubic 
meters 


0.76455 
1.52911 
2.29366 
3.05821 
3.82276 


4.58732 
5.35187 
6.11642 
6.88098 


Miles 
to 
kilo- 
meters 
1.60934 
3.21869 
4.82803 
6.43737 
8.04671 


9.65606 


11.26540 
12.87474 
14.48408 


Acres to 
hectares 


0.40468 
0.80937 
1.21405 
1.61874 
2.02342 


2.42811 
2.83279 
3.23748 
3.64216 


Apothe- 
caries’ 


Measure 


Fluid 
drachms 
to cubic 

centi- 
meters 


3.55155 
7.10307 


10.65460 
14.20613 
17.75767 


21.30920 
24.86074 
28.41227 
31.96380 


хо с епт 


> оо м е Cn 4» сә К — 


CONN со бо КУ не 


Quarts 
_to 
liters 


1.13649 
2.27298 
3.40947 
4.54596 
5.68245 


6.81894 
7.95544 
9.09193 
10.22842 


Grains 
to milli- 
grams 


64.79892 
129.59784 
194.39675 
259.19567 
323.99459 


388.79351 
453.59243 
518.39135 
583.19026 


Avoirdupois 


(cont.) 


Tons to 
milliers 
or 
tonnes 


1.01605 
2.03209 
3.04814 
4.06419 
5.08024 


6.09628 
К 
8.12838 
9.14442 


Measure of capacity 


Gallons 
to 
liters 


4.54596 
9.09193 
13.63789 
18.18385 
22.72982 


27.27578 


31.82174 
36.36770 
40.91367 


Bushels 
to 
deka- 
liters 

3.63677 
7.27354 
10.91031 
14.54708 
18.18385 


21.82062 


25.45739 
29.09416 
32.73093 


Weight (avoirdupois) 


Ounces 
to 
grams 


28.34953 
56.69905 
85.04858 
113.39811 
141.74763 


170.09716 
198.44669 
226.79621 
255.14574 


Pounds 
to kilo- 
grams 


0.45359 
0.90718 
1.36078 
1.81437 
2.26796 


272155 
3.17515 
3.62874 
4.08233 


Troy weight 


Qunces 
to 
grams 


31.10348 
62.20696 
93.31044 
124.41392 
155.51740 


186.62088 
217.72437 
248.82785 
279.93133 


Реппу- 
weights 
to 
grams 


1.55517 
3.11035 
4.66552 
6.22070 
7.77587 


9.33104 
10.88622 
12.44139 
13.99657 


Quarters 
to 
hecto- 
liters 


2.90942 
5.81883 
8.72825 
11.63767 
14.54708 


17.45650 


20.36591 
23.27533 
26.18475 


Hun- 
dred- 
weights 
to 
quintals 


0.50802 
1.01605 
1.52407 
2.03209 
2.54012 


3.04814 
3.55616 
4.06419 
4.57221 


Apothe- 
caries’ 
weight 


Scruples 
to 
grams 


1.29598 
2.59196 
3.88794 
5.18391 
6.47989 


7.77587 
9.07185 
10.36783 
11.66381 
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TABLE 34.—VOLUME OF A GLASS VESSEL FROM THE WEIGHT OF ITS 
EQUIVALENT VOLUME OF MERCURY OR WATER 


If a glass vessel contains at ¢°C, P grams of mercury, weighed with brass weights in air 
at 760 mmHg pressure, then its volume in cm? 


at the same temperature, t: V = PR = pÊ, 


at another temperature, tı : V = PR, = P 5 {1+ (һ—14)) 


р = the weight, reduced to vacuum, of the mass of mercury or water which, weighed with 
brass weights, equals 1 gram; 

a = the density of mercury or water at ¢°C, 

and + the cubical expansion coefficient of glass. 


Tempera- Water Mercury 
175 К R3, ti = 107 Ri, її = 20° Е Ri, а= 10° Ка, tı = 20° 
0° 1.001192 1.001443 1.001693 0.0735499 0.0735683 0.0735867 
1 1133 1358 1609 5633 5798 5982 
2 1092 1292 1542 5766 5914 6098 
3 1068 1243 1493 5900 6029 6213 
4 1060 1210 1460 6033 6144 6328 
5 1068 1193 1443 6167 6259 6443 
6 1.001092 1.001192 1.001442 0.0736301 0.0736374 0.0736558 
7 1131 1206 1456 6434 6490 6674 
8 1184 1234 1485 6568 6605 6789 
9 1252 1277 1527 6702 6720 6904 
10 1333 1333 1584 6835 6835 7020 
11 1.001428 1.001403 1.001653 0.0736969 0.0736951 0.0737135 
12 1536 1486 1736 7103 7066 7250 
13 1657 1582 1832 7236 7181 7365 
14 1790 1690 1940 7370 7297 7481 
15 1935 1810 2060 7504 7412 7596 
16 1.002092 1.001942 1.002193 0.0737637 0.0737527 0.0737711 
17 2261 2086 2337 7771 7642 7826 
18 2441 2241 2491 7905 7757 7941 
19 2633 2407 2658 8039 7872 8057 
20 2835 2584 2835 8172 7988 8172 
21 1.003048 1.002772 1.003023 0.0738306 0.0738103 0.0738288 
22 3271 2970 3220 8440 8218 8403 
23 3504 3178 3429 8573 8333 8518 
24 3748 3396 3647 8707 8449 8633 
25 4001 3624 3875 8841 8564 8748 
26 1.004264 1.003862 1.004113 0.0738974 0.0738679 0.0738864 
27 4537 4110 4361 9108 8794 8979 
28 4818 4366 4616 9242 8910 9094 
29 5110 4632 4884 9376 9025 9210 
30 5410 4908 5159 9510 9140 9325 
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TABLE 35.—EFFECT OF AIR ON WEIGHING 69 
Reductions of weighings in air to vacuo 


When the weight M in grams of a body is determined in air, a correction is necessary for 
the buoyancy of the air equal to M3(1/d — 1/di) where = the density (wt. of 1 cnm? in 
grams = 0.0012) of the air during the weighing, d the density of the body, di that of the 
weights. ô for various barometric values and humidities may be determined from Tables 
631-632. The following table is computed for ô= 0.0012. The corrected weight = 
М + kM/1000. 


Correction factor, k Correction factor, & 
Density | /,--------------------. Density 
of body Беті Brass Quartz or of body Pt. Ir. Brass Quartz or 
weighed weights weights Al. weights weighed weights weights Al. weights 
d ее 2125 8.4 2,65 а 41-- 215 8.4 2.65 
28 + 2.34 + 2.26 + 1.95 1.6 + 0.69 + 0.61 + 0.30 
6 + 1.94 + 1.86 + 1.55 1.7 + .65 + .56 + 25 
v + 1.66 + 1.57 + 1.26 1.8 + .62 + 52 + 21 
75 + 1.55 + 1.46 + 1.15 1.9 + .58 + 49 + 18 
‚80 + 1.44 + 1.36 + 1.05 2.0 + 54 + .46 + 15 
85 + 1.36 + 1.27 + 0.96 2:5 J- .43 + .34 + .03 
.90 + 1.28 + 1.19 + .88 3.0 + .34 + .26 — .05 
95 + 1.21 + 1.12 + .81 4.0 -- .24 + .16 — .15 
1.00 + 1.14 + 1.06 + 5 6.0 + .14 + .06 — .25 
1.1 + 1.04 + 0.95 + .64 8.0 + .09 + .01 — .30 
1:2 -- 0.94 + .86 + .55 10.0 + .06 — .02 — .33 
1.3 + .87 + .78 + 47 15.0 + .03 — .06 — .37 
1.4 + .80 + 41 + .40 20.0 + .004 — .08 — .39 
1.5 + .75 + .66 + .35 22.0 — 001 — .09 — .40 


TABLE 36.—REDUCTIONS OF DENSITIES IN AIR TO VACUO 


(This correction may be accomplished through the use of the above table for each sepa- 
rate weighing.) 

If s is the density of the substance as calculated from the uncorrected weights, S its true 
density, and L the true density of the liquid used, then the vacuum correction to be applied 
to the uncorrected density, s, is 0.0012 (1—s/L). 

Let W. = uncorrected weight of substance, W: = uncorrected weight of the liquid dis- 
placed by the substance, then by definition, s= LW,/W:i. Assuming D to be the 
density of the balance of weights, W.{1 + 0.0012(1/S —1/D)} and Wı{1 + 0.0012 
(1/L — 1/D)) are the true weights of the substance and liquid respectively (assuming 
that the weighings are made under normal atmospheric corrections, so that the weight 
of 1 cm? of air is 0.0012 gram). 


W 1 + 0.0012(1/S — 1/D)} 
W^ -rF0.0012(1/L — 1/D)) 
But from above W,/W | — s/L, and since L is always large compared with 0.0012, 
5 — s = 0.0012 (1 — s/L) 


The values of 0.0012(1 — s/L) for densities up to 20 and for liquids of density 1 (water), 
0.852 (xylene), and 13.55 (mercury) follow: 


Then the true density S$ = L 


Density Corrections Density Corrections 

of sub- —— ~ cc mmm of sub- 

stance п L-0.852 Г = 13.55 stance | E 13:55 
з Water Xylene Mercury $ Water Mercury 
0.8 + 0.00024 -- — 11. -- 0.0120 + 0.0002 
0.9 + .00012 — — 12. -- .0132 + .0001 
| 0.0000 — 0.0002 + 0.0011 13: — .0144 0.0000 
2. — .0012 -- .0016 + .0010 14. -- .0156 0.0000 
3. — .0024 -- .0030 + .0009 15. -- .0168 -- .0001 
4. -- .0036 -- .0044 + .0008 16. -- .0180 -- .0002 
5, — .0048 — .0058 + .0008 17: — .0192 — .0003 
6. — .0060 -- .0073 + .0007 18. -- .0204 -- .0004 
7. — .0072 — .0087 + .0006 19. — .0216 -- .0005 
8. — .0084 — .0101 + .0005 20. — .0228 — .0006 
9. — .0096 — .0115 + .0004 

10. -- .0108 — .0129 + .0003 
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MEASUREMENT 


TABLE 37.—THE INTERNATIONAL TEMPERATURE SCALE OF 1948” 





The International Temperature Scale that was adopted in 1927 was revised during 1948 
and is designed to conform as nearly as practicable to the thermodynamic Celsius? (Centi- 
grade) scale as now known. This 1948 International Temperature Scale incorporates certain 
refinements based on experience to make it more uniform and reproducible than its pre- 
decessor. The new scale is essentially the same as the one it displaces, but it was improved 
by changing certain formulas and values for temperatures and constants. 

Only three of the revisions in the definition of the scale result in appreciable changes in 
the numerical values assigned to measured temperatures. The change in the value for the 
silver point from 960.5°C to 960.8°C changes temperatures measured with the standard 
thermocouple. The adoption of a different value for the radiation constant c: changes all 
temperatures above the gold point, while the use of the Planck radiation formula instead 
of the Wien formula affects the very high temperatures. (See Table 40 for the magnitude 
of the changes due to these two causes for high temperatures.) The 1948 temperature scale, 
like the 1927 scale, is based upon six fixed points (Table 38) and upon specified formulas 
for the relations between temperature and the indications of the instruments calibrated at 
these fixed points. Temperature on the 1948 scale will be designated as °C, or °C (Int. 
1948) and denoted by the symbol t. 

The means available for interpolation between the fixed points lead to a division of the 
scale into four parts: 

(a) From 0°C to the freezing points of antimony the temperature £ is defined by the 


formula 
Р, = кыс ңе At + ВР) 


where RA; is the resistance, at temperature /, of a standard platinum resistance: ther- 
mometer. 
(b) From the oxygen point (Table 38) to 0°C the temperature ¢ is similarly defined 


by the formula 
R,= Rol) + At + Be + CC — 100) 27] 


(c) From the freezing point of antimony to the gold point (Table 38) the temperature ¢ 
is defined by the formula 
Е=а + 1 - с“, 


where E is the electromotive force of a standard thermocouple of platinum and platinum- 
rhodium alloy, when one junction is at 0°C and the other at temperature t. 
Recommendations are given for the construction, calibration, and use of these two types 
of measuring devices. 
(d) Above the gold point the temperature t is defined by the formula 


_1‹ _ехр [сә/ (А (Флһ + To))] —]* 
Јл ехр Les/ (X (4 + To) -- 1 


where J: and Jau are the radiant energies per unit wavelength interval at wavelength А, 
emitted per unit time by unit area of a blackbody at temperature ż, and at the gold point 
tau, respectively. 

сг 15 1.438 cm degrees. 

To is the temperature of the ice point in °K. 

À is a wavelength of the visible spectrum. 

e i» the base of Naperian logarithms. 


Secondary fixed points.—In addition to the six fundamental and primary fixed points 
(Table 38), a number of secondary fixed points are available and may be useful for various 
purposes. Some of the more constant and reproducible of these fixed points and their 
temperatures on the International Temperature Scale of 1948 are listed in Table 41. The 
relation between this new temperature scale and the thermodynamic Celsius scale is 
discussed in this paper also. 

The resulting changes in the 1927 International Temperature Scale below the gold point 
(1063°C) to correct it to the 1948 International Temperature Scale are given in Table 39. 

The use of the Planck formula and a wavelength interval within the visible spectrum to 
determine temperatures presupposes the use of an optical pyrometer. (See Table 77.) 


‚ 20 Nat. Bur. Standards Journ. Res., vol. 42, p. 209, 1949. 

21 The General Conference, held in October 1948, decided to discontinue the use of the words ‘‘Cen- 
tesimal" and ''Centigrade" and to replace them by “Celsius.” See also Nat. Bur. Standards Techn. 
News Bull., vol. 33, p. 110, 1949. 

* See footnote Sa, p. 7 
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TABLE 38.—FUNDAMENTAL AND PRIMARY FIXED POINTS UNDER THE 
STANDARD PRESSURE OF 1013250 DYNES/CM* 


Temperature 
E 


Temperature of equilibrium between liquid oxygen and its vapor 


(oxygen point) 


• • • « • • с о с а44%.4..ж.4-г%44 е э ө э ө 9 е ° 9$ с с ә ө ө ө ө «с э 9 э € з ө ө ө о 


Temperature of equilibrium between ice and air saturated water 
(ice point) fundamental fixed pomt...... 
Temperature of equilibrium between liquid water and its vapor 


(steam point) fundamental fixed point 
Temperature of equilibrium between liquid sulfur and its 
(sulfur point) 


« 9 е ө * à» 4 4 9 • о € ө * е е 9 о « о « о э Ф е ө 


€ е е 4 ә € о ә 9 ө 9 с 4 9 ө 9 е е 9 е а V « с 9 с « € е € € € ө ө с ө ө э 9? € € ө ө ө * ө о о 


Temperature of equilibrium between solid and liquid silver (silver 


point) 


€ 9 « 6 9 Ф ө с с э ә е ө 99 с ө а о о « « о о с с е е е 89 о в с с • • • с + «• • • с с • че с ө + • • • • ө е 


Temperature of equilibrium between solid and liquid gold (gold 


point) 


..ееве4еаевече4”:еЖеееееееевеев е е е е е4еч%ееееееечеееееечечеччечеееееееегееееяе-с 


182.970 
0 

100 

444.600 

960.8 


1063.0 


TABLE 39.—DIFFERENCES BETWEEN THE INTERNATIONAL TEMPERA- 
TURE SCALES OF 1948 AND 1927 IN THE THERMOCOUPLE RANGE 


-— 


°C (Int. 1948) 


630.5 
650 
700 
750 


°C (Int. 1948) 


minus 
НАТО 1927) 


.00 


+.08 


.24 
235 


Temperature 


°C (Int. 1948) 


800 
839.5 
850 
900 


°C (Int. 1948) 
minus 
°C (Int. 1927) 


42 


430 (max.) 


43 
40 


°C (Int. 1948) 
minus 
°C (Int. 1948) °C (Int. 1927) 


950 

960.8 
1000 
1050 
1063 


TABLE 40.—CORRESPONDING TEMPERATURES ON THE INTERNATIONAL 
TEMPERATURE SCALES OF 1948 AND 1927 


Corresponding 


Fahrenheit 
temperatures 
o o ; 

(Int. 1948) (Int. 1927) (1948) (1927) 
630.50 630.50 1166.9 1166.9 
650 649.92 1202 1201.9 
700 699.76 1292 1291.6 
750 749.65 1382 1381.4 
800 799.58 1472 1471.2 
850 849.57 1562 1561.2 
900 899.60 1652 1651.3 
950 949.68 1742 1741.4 
960.80 960.50 1761.4 1760.9 

1000 999.80 1832 1831.6 
1050 1049.95 1922 1921.9 
1063.00 1063.00 1945.4 1945.4 
1100 1100-2 2012 2012 
1200 1200.6 2192 2193 
1300 1301.1 2372 2374 
1400 1401.7 2552 2555 
1500 1502.3 2732 2736 
1600 1603.0 2912 2917 
1700 1703.8 3092 3099 
1800 1804.6 3272 3280 
1900 1905.5 3452 3462 
2000 2006.4 3632 3644 
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Corresponding 


Fahrenheit 
` , temperatures 
(Int. 1948) (Int. 1927) (1948) (1927) 
2100 2107 3812 3825 
2200 2208 3992 4007 
2300 2310 4172 4189 
2400 2411 4352 4372 
2500 2512 4532 4554 
2600 2613 4712 4736 
2700 2715 4892 4919 
2800 2816 5072 5102 
2900 2918 5280 5285 
3000 3020 5432 5468 
3100 3122 5612 5651 
3200 3223 5792 5834 
3300 3325 5972 6018 
3400 3428 6152 6202 
3500 3530 6332 6386 
3600 3632 6512 6570 
3700 3735 6692 6754 
3800 3837 6872 6939 
3900 3940 7052 7124 
4000 4043 7292 7309 
4100 4146 7412 7495 
4200 4249 7592 7681 
4300 4353 7772 7867 


72 TABLE 41.—SECONDARY FIXED POINTS 


Temperature 
°C (Int. 1948) 
Temperature of equilibrium between solid carbon dioxide and its vapor.. — 78.5 
ego 242( 4. — 1) – 64 (--— 1) j 
ро Po 
Temperature of freezing mercury..... ne EINE 5 со = 
Temperature of equilibrium between ice, water and its vapor (triple 
polt а t СИ О. АЕ ЕЕЕ -- 0.0100 
Temperature of transition of sodium sulfate decahydrate.............. 5256 
Temperature of triple point of benzoic ас1д........... ccc M 122.36 
Temperature of equilibrium between naphthalene and its vapor.......... 218.0 
tp — 218.0 + aa^ — 1) — 19 (2- 1) | 
ро fo 
Temperaure of freezing tin. 22222722 T + ae 231.9 
Temperature of equilibrium between benzophenone and its vapor........ 305.9 
BE № b ? 
tp = 305.9 + 48.8 —1)—21 — 1 
ро Ро 
Temperature tol ее САС ЕО ЕГ 320.9 
Temperature oi тее а апа. е 327 3 
Temperature of equilibrium between mercury and its vapor............ 3956.58 
2 з 
ШЕ e (-5— 1) — 2303 (5 1) +140 (+- 1) 
Po Po fo 
Wciperature'wlacczing zie .. а с. 419.5 
llmperature ollieezing altinTOny- 556v Есе са о soe 630.5 
"ismperature oBiseezing aluminum ғ... 660.1 
Temperature of freezing copper in a reducing atmosphere .............. 1083 
Temperature oi есе зиске" зз миа м. 1453 
Micuperature ohtreezinp cObal ИРУ. АИ. TENE 1492 
Memperature ot ireezing palladia e аа a rs UE EE 1552 
Шеппегантеб кесіп анаты а аы ae 1769 
еттрегаткеогітесілр кал у ы... Ж... КОШО 1960 
Тетреташте ог тест тате и а. но „НА. |... 2443 
Temperature of melting tungsten ................ ие a E 3380 


TABLE 42.—CORRESPONDING TEMPERATURES ON THE INTERNATIONAL 
TEMPERATURE SCALE OF 1948 AND RESULTS USING WIEN'S EQUATION 


КЕС ЕАС о 

(Int. 1948) tw, °C (Int. 1948) tw, °C (Int. 1948) tw, °C 
1063 1063.0 2500 2500.2 4000 4005.4 
1500 1500.0 3000 3000.7 4500 4511.3 
2000 2000.0 3500 3502.1 5000 5021.5 


TABLE 43.—CORRECTION FOR TEMPERATURE OF EMERGENT MERCURIAL 
THERMOMETER THREAD 





When the temperature of a portion of a thermometer stem with its mercury thread differs 
much from that of the bulb, a correction is necessary to the observed temperature unless 
the instrument has been calibrated for the experimental conditions. This stem correction is 
proportional to »8(T — t), where n is the number of degrees in the exposed stem, 8 the 
apparent coefficient of expansion of mercury in the glass, T the measured temperature, and 
t the mean temperature of the exposed stem. For temperatures up to 100°C, the value of 
В 15 for Jena 16"' or Greiner and Friedrich resistance glass, 0.000159, for Jena 5917, 
0.000164, and when of unknown composition it is best to use a value of about 0.000155. The 
formula requires a knowledge of the temperature of the emergent stem. This may be 
approximated in one of three ways: (1) by a "fadenthermometer"; (2) by exploring the 
temperature distribution of the stem and calculating its mean temperature; and (3) by 
suspending along the side of, or attaching to, the stem, a single thermometer. 
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TABLE 44.—STEM CORRECTION FOR CENTIGRADE THERMOMETER = 


Values of 0.0001551n (T — t) 
(T — t) 


n 10* 20 30° 40° 50° 60° 70° 80° 
10°C 0.02 0.03 0.05 0.06 0.08 0.09 0.11 0.12 
20 0.03 0.06 0.09 0.12 0.16 0.19 0:22 025 
30 0.05 0.09 0.14 0.19 0.23 0.28 0.33 0.37 
40 0.06 0.12 0.19 0.25 0.31 0.37 0.43 0.50 
50 0.08 0.16 0:25 0.31 0.39 0.46 0.54 0.62 
60 0.09 0.19 0.28 0.37 0.46 0.56 0.65 0.74 
70 0.11 0.22 0.33 0.43 0.54 0.65 0.76 0.87 
80 0512 0.25 0.37 0.50 0.62 0.74 0.87 0.99 
90 0.14 0.28 0.42 0.56 0.70 0,84 0.98 112 

100 0.16 0.31 0.46 0.62 0.78 0.93 1.08 1.24 


22 ТаКеп Ғгот Smithsonian Meteorological Tables. 


TABLE 45.—REDUCTION OF GAS THERMOMETERS TO THERMODYNAMIC 
SCALE 


The final standard scale 1s Kelvin’s thermodynamic scale, independent of the properties 
of any substance, a scale resulting from the use of a gas thermometer using а perfect gas. 
A discussion of this is given by Buckingham, oe Lhe thermodynamic correction of the 
centigrade constant-pressure scale at the given temperature is very nearly proportional 
to the constant pressure at which the gas is kept” and “the thermodynamic correction to 
the centigrade constant-volume scale 1s approximately proportional to the initial pressure 
at the ice point." These two rules are very convenient, since from the corrections for any 
one pressure, one can calculate approximately those for the same gas at any other pressure. 

The highest temperature possible is limited by the container for the gas. Day and 
Sosman carried a platinum-rhodium gas thermometer up to the melting point of palladium. 
For most work, however, the region of the gas thermometer should be considered as ending 
at about 1000°C (1273? K). 

Nore: All corrections in the following table are to be added alycbraically. 


273.16°K (ice point) 


Constant pressure = 100 cm Constant vol., Ро = 100 ст, to = 0°C 
Тетр. il noA e LLL са 
°С Не н М Не н М 

— 240 + 1.0 — + 0.02 + 0.18 — 
— 200 +- 0. 13 + .26 - + .01 + .06 — 
— 100 + .04 + .03 + 0.40 ‚000 + .010 + 0.06 
— 50 TT RET E 12 000 + 004 + 002 
+ 25 — .003 -- .003 — .020 .000 .000 — .006 
+ 50 — .003 — .003 -- .025 000 ‚000 — .006 
175 ш = NEUE 017 000 000 -- 004 
+ 150 + .007 + Ol + 04 + .000 + .001 + .01 
+ 200 + .01 + .02 + 11 .000 + .002 + .04 
+ 450 + 1 -- 0.04 + 5 0.00 + 0.01 + 2 
+ 1000 + 0.3 -- + 1.7 -- -- + 7 
+ 1500 - — + 3. — — + 1,3 


22a Bull. Nat. Bur. Standards, vol. 8, p. 239, 1912. 
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TABLE 46.—SOME OLD THERMOELECTRIC TEMPERATURE SCALES * 





Comparisons 


Prior to the adoption of the 1927 International Temperature Scale, the Pt-Pt1096 Rh 
thermocouple was almost universally used for scales 450° to 1100°C, and defining equations 
were quadratic or cubic depending upon the number of calibration points. 

The scale based on the work of Holborn and Day was calibrated at the freezing point of 
Zn (419.0°C), Sb (630.6°C), and Cu (1084.1* C), and a quadratic equation, E — a 4- vt 4- 
ct?, for interpolation. This was almost universally used from 1900-1909. Work of Waidner, 
Burgess, 1909, and Day, Sosman, 1910-1912, necessitated a readjustment. In 1912 the 
Bureau of Standards redefined its scale, assigning values determined with the resistance 
thermometer to the Zn and Sb points, while the freezing point of Cu was taken as 1083.0°C. 
This 1912 scale, used from 1912-1916, will be called the Zn, Sb, Cu temperature scale. 

A scale proposed by Sosman and revised by Adams was realized by using a standard 
reference table, giving the average f-emí relation for thermocouple used by Day and 
Sosman. A deviation curve, determined by any other couple by calibration at several points 
would be plotted relating the difference between observed emf and the emf from the 
reference table against the obs. emf of the couple. This scale, although very convenient, 
is not completely defined and no comparison is made here. 

In 1916, the Physikalische-Technische Reichsanstalt adopted a scale with the couple. 
calibrated at the Sd point (320.9°C), Sb (630°C), Au (1063°C), and Pd (1557°C). No 
comparison will be made here. 

A scale adopted by the Bureau of Standards in 1916 was defined by calibration at the 
Zn and Al points with a Cu point (1083.0°C). This was used from 1916-1926 and is here 
designated the Zn, Al, Cu scale. 

The scale adopted by the P.-T.R. and the Bureau of Standards in 1924 was calibrated 
at Zn and Sb points (determined by resistance thermometer), the Ag point (960.5°C), 
and the Au point (1063.0°C). It will be designated the Zn, Sb, Ag, Au scale. 

The 1927 7th Annual Conference of Weights and Measures (31 nations) unanimously 
adopted what is between 660° and 1063°C the Zn, Sb, Ag, Cu scale with the Zn point 
omitted. The table below shows a comparison of the various scales. The following values 
for the freezing points were used: 


Zn 419.47°C Al 659.23°C Au 1063.0°C 
Sb 0305256 Ag 960.5°C Cu (reducing atm‘) 1083.0°C 


Temperature differences between 1927 1.T.S. and various older scales 


TES- о то IFS- ITS: TIS: LTS: LTS... Bins 
ZnSb- ZnAl- ZnSb- ZnSb- ZnAl- ZnSb- ZnSb- ZnAl- ZnSb- 
3C Cu ба Ag.\u EC Cu Cu Ag.\u C Cu Cu AgAu 


600 —°.08 °.00 —°.04 900 —°.26 —°.21° —°.03 1050 —°.04 —°.03 °.00 


700 — 16 — 08 — 08 950 — 23 — 18 — 01 1063 - .01 .00 .00 
750 — 24 — 16 — 09 960.5 — 21 — .16 .00 1083 + .04 + 03 — .01 
800 - 28 — 20 — 08 1000 — 15 — .12 .01 1100 + 08 + 08 — .03 
850 - 29 — 22 — .06 


REFERENCE TABLES FOR THERMOCOUPLES = 


The emf developed by thermocouples of the same materials, even very carefully made, 
differ slightly for the same temperature. It has been found convenient to compare the 
emf of a couple being calibrated with that of a standard thermocouple of the same materials. 
If the differences in emf’s between the standard and the calibrated couple be plotted against 
the temperature, the temperature for an observed emf can be read very accurately. 
Reference tables for three types of thermocounles follow. 





* [hese values are now superseded by’ the introduction of the 1948 International Temperature Scale 
and are given for reference only. 


23 Taken from Nat. Bur. Standards Res. Papers RP 1080, RP 767, and RP 530. 
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TABLE 49.—CORRESPONDING VALUES OF TEMPERATURE AND ELECTRO- 
MOTIVE FORCE FOR IRON-CONSTANTAN THERMOCOUPLES 


(Reference junctions at 0°C) 





Electro- Electro- Electro- Electro- 
motive motive motive motive 
Temp. force Temp. force Temp. force Temp. force 
° ту ae mv a mv С ту 

0 00 400 22.06 800 45.68 

10 .52 410 22.61 810 46.33 

20 1.05 420 23:10 820 46.99 

30 158 430 23.71 830 47.65 

40 212 440 24.26 840 48.30 

50 2,66 450 24,81 850 48.96 

60 3.20 460 25.36 860 49.62 

70 3.7% 470 25.91 870 50.28 

80 4.30 480 26.46 880 50.94 

90 4,85 490 27.01 890 51:59 

100 5.40 500 27:57 900 52.22 

110 5.95 510 28.13 910 52,84 

120 6.51 520 28.69 920 53.43 

130 707 530 29.25 930 54.02 

140 7.63 540 29.81 940 54.61 

150 8.19 550 30.38 950 5521 

160 8.75 560 30.95 960 55.80 

170 9.31 570 91552 970 56.39 

180 9.87 580 32.10 980 56.99 

190 10.43 590 32.68 990 57.59 

— 200 -- 8.27 200 10.99 600 33:20 1000 58.19 
— 190 — 8.02 210 1855 610 33.85 
— 180 = 7.75 220 1211 620 34.44 
— 170 — 7.46 230 12.67 630 35.02 
— 160 — 7.14 240 1:53:29 640 35.62 
— 150 — 6.80 250 13.79 650 30:22 
— 140 — 6.44 260 14.35 660 36.82 
— 130 — 6.06 270 14.90 670 37.43 
— 120 — 5,66 280 15.45 680 38.04 
— 110 — 5.25 290 16.00 690 38.66 
— 100 — 4.82 300 16:55 700 39.28 
-- 90 -- 4.38 310 17.11 710 39.90 
-- 80 — 3,93 320 17.66 720 40.53 
— 70 — 3.47 330 18.21 730 41.16 
— 60 — 3.00 340 18.76 740 41.80 
— 50 — 2.52 350 19.31 750 42.45 
— 40 — 2.03 360 19.86 760 43.09 
— 30 — 1.53 370 20.41 770 43.74 
— 20 — 1.03 380 20.96 780 44.39 
-- 10 -- 0.52 390 2151 790 45.04 


0 .00 400 22.06 800 45.68 
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TABLE 50.—CORRESPONDING VALUES OF TEMPERATURE AND ELECTRO- 
MOTIVE FORCE FOR IRON-CONSTANTAN THERMOCOUPLES 


Electro- 
motive 

Temp. force Temp. 
RI mv °F 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
-- 300 -- 7.87 200 
-- 290 — 7.75 210 
-- 280 — 7.55 220 
-- 270 — 7.38 230 
— 260 — 7.20 240 
= 230 — 7.02 250 
— 240 -- 6.83 260 
-- 230 -- 6.63 270 
-- 220 -- 6.43 280 
-- 210 -- 6.22 290 
-- 200 — 6.01 300 
— 190 — 5.79 310 
— 180 -- 5.57 320 
-- 170 — 5.34 330 
-- 160 — 5.11 340 
— 150 — 4.87 350 
— 140 — 4.63 360 
— 130 — 4.38 370 
— 120 — 4.13 380 
— 110 — 3.88 390 
— 100 — 3.63 400 
-- 90 -- 3.37 410 
-- 80 -- 3.11 420 
-- 70 — 2.85 430 
— 60 — 2.58 440 
— 50 — 2.31 450 
— 40 — 2.04 460 
— 30 О 470 
— 20 — 1.48 480 
— 10 — 1.20 490 
0 -- .92 500 
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(Reference junctions at 32°F) 


3.50 
3.81 


ОДО О Мр 
AmbAD toto 


о 000000 NNSIND Anni AAA 
. до ол = Сол 
= 29 00 53 


со э сл со М 


ана 
coo 
Оу сә 

> 


10.93 


11.24 
1150 
11.87 
12.18 
12.49 


12.80 
12.11 
13.42 
13.73 
14.04 


14.35 


540 


550 
560 
570 
580 
590 


600 
610 
620 
630 
640 


650 
660 
670 
680 
690 


700 
710 
720 
730 
740 


750 
760 
770 
780 
790 


800 
810 
820 
830 
840 


850 


870 
880 
890 


900 
910 
920 
939 
940 


950 
960 
970 
980 
990 


1000 


Electro- 


motive 
force 
mv 


14.35 
14.65 
14.96 
152 
15:57 


15.88 
16.19 
16.49 
16.80 
ШІЛ 


17.42 
72 
18.03 
18.33 
18.64 


18.94 
19.25 
19:55 
19.86 
20.17 


20.47 
20.78 
21.08 
21.39 
21.69 


22.00 
22.30 
22.61 
22.91 
2922 


3-20 
23.83 
24.13 
24.44 
24.74 


25.05 
25.36 
25.66 
25.97 
26.28 


26.58 
26.89 
27.20 
2751 
27.82 


28.13 
28.44 
28.75 
29.06 
29.38 


29.69 


Тепір. 
EE 


1000 
1010 
1020 
1030 
1040 


1050 
1060 
1070 
1080 
1090 


1100 
1110 
1129 
1130 
1140 


1150 
1160 
1170 
1180 
1190 


1200 
1210 
1220 
1230 
1240 


1250 
1260 
1270 
1280 
1290 


1300 
1310 
1320 
1330 
1340 


1350 
1360 
1370 
1380 
1390 


1400 
1410 
1420 
1430 
1440 


1450 
1460 
1470 
1480 
1490 


1500 


Electro- 


motive 
force 
mv 


29.69 
30.00 
30.32 
30.63 
30.95 


31.27 
31.59 
31.91 
92:29 
22550 


32.87 
33.19 
33.972 
33.85 
34.17 


34.50 
34.83 
35.16 
35.48 
35.82 


36.15 
36.48 
36.82 
37.16 
37.50 


37.84 
38.18 
38.52 
38.86 
SO 


39.55 
39.59 
40.24 
40.59 
40.94 


41.30 
41.65 
42.01 
42.36 
42,72 


43.08 
43.44 
43.80 
44.16 
44.52 


44.88 
45.24 
45.61 
45.97 
46.33 


46.70 





Temp. 
SES 


1500 
1510 
1520 
1530 
1540 


1550 
1560 
1570 
1580 
1590 


1600 
1610 
1620 
1630 
1640 


1650 


1670 
1680 
1690 


1700 
1710 
1720 
1730 
1740 


1750 
1760 
1770 
1780 
1790 


1800 


Electro- 
motive 
force 
mv 


46.70 
47.06 
47.43 
47.79 
48.16 


48.52 
48.89 
49.25 
49.62 
49.98 


50.35 
50.71 
51.08 
51.45 
51.81 


52.17 
323 
52.84 
55.17 
53:20 


53.83 
54.16 
54.48 
54.81 
55.14 


55.47 
55.80 
56.13 
56.46 
56.79 
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TABLE 51.—STANDARD FAHRENHEIT TABLE FOR CHROMEL-ALUMEL * 


THERMOCOUPLES 


А —-—-—--—-_———— —— сы ө __—— 


Electromotive force in millivolts (reference junction at 32°F) 


1000 


1100 
1200 
1300 
1400 
1500 


1600 
1700 
1800 
1900 
2000 


2100 
2200 
2300 
2400 
2500 


* Hoskins Thermocouple. 


——— 


0 
-- .68 
1.52 
3.82 
6.09 
8.31 
10.56 


12.85 
15,19 
1155 
19.89 
22:20 


24.63 
2006 
29.34 
31.64 
33.95 


36.19 
38.43 
40.62 
42.78 
44.90 


47.00 
49.05 
51.06 
53:01 
54.92 


10 
— .47 
1.74 
4.05 
ООШ 
8.53 
10.79 


13.08 
15.42 
17.76 
20.13 
22.50 


24.86 
228 
29.57 
31.87 
34.16 


36.41 
38.65 
40.83 
42.99 
45.11 


47.21 
49.25 
91,25 
53.20 


20 
— .26 
1.97 
4.28 
6.53 
8.76 
11.02 


13.31 
15.65 
18.00 
20:37 
229 


25.10 
27.46 
29.80 
32.10 
34.39 


36.64 
38.87 
41.05 
43.21 
45.32 


47.41 
49.46 
51.45 
53.39 
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30 
— .04 
2.20 
451 
6.75 
8.98 
11.25 


13:55 
15.89 
18.23 
20.60 
22.97 


25.34 
27.60 
30.03 
22,35 
34.61 


36.86 
39.09 
41.27 
43.42 
45.53 


47.62 
49.66 
51.65 
59.58 


40 
+ .18 
2.43 
4.74 
6.98 
9,20 
11.47 


13.78 
16.12 
18.47 
20.84 
2571 


25.58 
27:92 
30.26 
32.56 
34.84 


37.09 
29.31 
41.48 
43.63 
45.74 


47.83 
49.86 
51.84 
53.78 


50 
.40 
2.66 
4,97 
7.20 
9.43 
11.70 


14.01 
16.36 
18.71 
21.08 
23.44 


35.07 
27251 


41.70 
43.84 
45.95 


48.03 
50.06 
52.04 
53.97 


60 
.62 
2.80 
9.19 
7.42 
9.66 
11593 


14.24 
16.59 
18.94 
2101 
23.68 


26.05 
28.38 
30.72 
33.02 
35.29 


37.54 
3075 
41.91 
44.05 
46.16 


48.24 
50.26 
50:28 
54.16 


70 
.84 
3.12 
5.42 
7.64 
0,88 
12.10 


14.48 
16.83 
19.18 
2155 
2002 


26.28 
28.62 
30.95 
9925 
95792 


37.76 
39.96 
42.13 
44.27 
46.37 


48.44 
50.46 
52.43 
54.35 


80 
1.06 
3.36 
5.64 
7.87 
10.11 
12.39 


14.71 
17.06 
19.42 
21.79 
24.15 


26.52 
28.86 
31.18 
33.48 
35.74 


37.99 
40.18 
42.34 
44.48 
46.58 


48.65 
50.66 
52102 
54.54 


90 
1.29 
3.59 
5.87 
8.09 
10.33 
1262 


14.94 
17.30 
19.65 
22:07 
24.39 


26.76 
29,10 
31.41 
33.70 
35.97 


38.21 
40.40 
42.56 
44.69 
46.79 


48.85 
50.86 
52.81 
54.73 
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TABLES 52-57.—THE BLACKBODY AND ITS RADIANT ENERGY 


TABLE 52.—SYMBOLS AND DEFINING EXPRESSIONS FOR RADIANT 
ENERGY =, 


Radiant energy is energy traveling in the form of electromagnetic waves. It is measured 
in units of energy such as ergs, joules, calories, and kilowatt hours. Some units, symbols, 
and abbreviations used in discussing radiant energy are as follows: 


Symbol and 
| . defining Proposed 
Designation expression Unit term 232 
Radiant energy ....... Deo» ж Radiant energy 
: dU 
Spectral radiant energy. bz Uh EE. Spectral radiant 
E energy 
Radiant energy density. “= -iy егр /ст* Radiant energy density 
А 40 : : 
Radiant flux ...... ы ов) = Dr watt, erg /sec Radiant flux (radi- 
ance *) 
Radiant flux density... == -55- watt/cm? Radiant flux density 
к ; i (radiancy *) 
Radiant intensity of a dé 
COCE oo zr eere | = = watt/steradian Radiant intensity 
а 1 dJ z 2 : 
Spectral radiant intensity JA E D> watt/steradian Spectral radiant inten- 
Radiant flux density of ay 
a source per unit solid dW 
ате... В,(М) == E watt/(steradian cm?) — Steradiancy * 
Radiant intensity of a 4] 
source per unit area.. В = T watt/(steradian cm?)  Steradiancy * 
Radiant flux per unit аф 
ТЕТІ о ска | = ae а Irradiancy 


The standard radiator is the blackbody, which may be defined as a body that absorbs 
all the radiation that falls upon it, i.e, it neither reflects nor transmits any of the incident 
radiation. From this simple definition and some very plausible assumptions it can be shown 
that the blackbody radiates more energy than any other temperature radiator when both 
are at the same temperature. The total amount of energy (ie, for all wavelengths) 
radiated by a blackbody depends upon the temperature raised to the fourth power and a 
constant o that had to be measured: 

И == о 


If a blackbody is radiating to another blackbody it will at the same time receive radiation 
from the second blackbody and, under the proper geometrical conditions, the net radiation 
lost by the first blackbody is 

W —ec(TY — Ty) 


The spectral distribution of this radiation is given by the Planck equation: 
Jy = ad*/[Lexp (e2:/AT) — 1] f 
For values of the product AT less than 3000u deg, the Wien equation 
Jic ax *S/[exp (e/4T)] 


gives values that are correct to better than 1 percent. 

The values of a number of the radiation constants have been selected from Table 26 and 
are given in Table 53. All the blackbody calculations given were made with these constants. 
Some calculated results * for the total radiation W for a series of temperatures and of J, 
for a range of temperatures and for wavelengths have been calculated and are given in 
Tables 54-56. 





23a Rev. Sci. Instr., vol. 7, p. 322, 1936. * These terms apply only to a source. The term “radiance” 
is not recommended as a substitute for radiant flux; however, if a single term is desired to express the 
radiant flux from a source, the word ‘‘radiance” is suggested as the most logical. t See footnote 5a, 
р. 7. 

24 For a more extensive list of values of Л, reference sbould be made to two papers by Parry Moon: 
Journ. Math. and Phys., vol. 16, p. 133, 1937; Publ. Electr. Eng., Massachusetts Institute of Tech- 
nology, 1947. 4 
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30 TABLE 53.—RADIATION CONSTANTS 





Velocity or lg RR IIT НИ. с = 2.99776 x, 10? cm sec" 
Blantclissconstatitsos. ocu re. o vs ERE .. А — 6.6242 x 10-7 erg sec 
Boltzmanns constant... SED k = 1.3805 х 107% егр дер"! 
Steran-Boltzmantu constant аон. ea с = 5.673 X 10° erg cm” deg™ sec” 
Wirenusecisplacement. law 22.2.0. 27 Л.-- АаХлЗЕ(АТ) 
The principal corollaries are: Ха ==? 
Ae => 


The first corollary 1s sometimes given as the Wien's displacement law, and b as the 
displacement constant. 


Wien displacement constant... -sa...se soen b = 0.2897 cm deg 
First radiation constant t 
АП спее стр аА == cm... EE. ses су — 3.740 Х 10% егр бес”! сіп? 
Area спа Хали Сл-- ОЛІП... cı = 3.740 X 10° erg sec™ cm? 
Second radiation constant... er ЖШ... сә == 1.4380 ст deg 


The unit of energy chosen for the above values is the erg. Any other unit of energy (or 
power) may be used if the proper conversion factor is used (Table 7). 


Values of c: used at different times.—This second radiation constant has been de- 
termined many times in the last 40 years. Shown below are the values used at different 
times. [A new determination of the value of c: by G. A. W. Rutgers (Physica, vol. 15, 
p. 985, 1949) gives two values: 14325. = 20 апа 14310. = 20 u deg.] 


National Bureau Nela 
Date of Standards Park 
ЭПТ Лео ТЕТ я 145004 °K 145004 °K 
ПЕШ A m ха 14460 
О и И S 14350 14350 
pow. uw uU. 14320 1 14350 
E ees ouem 14320 3 14320 
I эзы о... Ж 14320 | 14320 
re oo та Ж 14320 14320 
AO i ШД МИАВ 14380 = 

* For 2T solid angle. 1 For the general case, cı may be written in the following symbolic form: 


(wavelength unit)5 x power unit 
area x wavelength interval x solid angle 


This form shows that the value of the numeric depends upon the several units used—in this case 5. 
If Л is the normal intensity, i.e., per unit solid angle perpendicular to the surface, mJ, gives the 


radiation per 27 solid angle. The energy radiated within a unit solid angle around the normal, is 0.92 Jo. 
The о values are for a plane blackbody; for a spherical blackbody the radiation for 2m solid angle 
equals 27Jo. 
‚ Бог calculations the use of the radiation constants c and cg as given follows directly and causes but 
little trouble. The numeric for c» must be expressed in the unit of wavelength times the absolute tempera- 
ture. If the wavelength is expressed in и the numeric becomes 14380. 

When Planck's equation is used for calculations, it may be written as follows for blackbody of area À: 


J,dÀ — (4043-5/ [exp (¢2/AT) — 1]) dr 


where dd is the wavelength interval for which the radiation is to be calculated. The first value of с, 
given in the table is for all dimensions in centimeters—a condition almost never met in practice. The 
second value is for the wavelength expressed in microns and dÀ — 0.014. 

If this second value of c; be used in calculation with Planck’s equation and summed step by step, 
the results will be the total energy per second, per 2T solid angle, per unit area for the wavelength 
interval covered, \ expressed in д. 

il. G. Priest, in January 1922, used c» — 14350 in his work on color temperature. 5 F. Skog- 


с = numeric 


} J. 
land, in 1929, used c. — 14330 in his tables of spectral energy distrihution of a blackbody. l D. B 
Judd, in 1933, used cə = 14350 in his calculations related to the I.C.I. standard observer. 
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92 TABLE 55.—CALCULATED SPECTRAL INTENSITIES J, FOR A RANGE OF 
WAVELENGTHS FOR A BLACKBODY OF UNIT AREA FOR A RANGE 
OF TEMPERATURES FROM 50°K TO 25,000°K * 


3740 micron? watts 
cm? dÀ 2r solid angles 
Ола, Ji — tabular Ji X 10" watts for cm? for 2m solid angle per 0.1д. 


These values have been calculated for cı = ; с: = 143806: deg; dà = 





50° 75? 100? 150? 200? 

"FF (л и ce Е 

А Jy n Jy n J n Jy n Jy n 
1.0 4.675 —122 2.0145 --80 1.3224 — 59 8.679 --39 2.2235 —28 
1.5 2.6529 — 81 1.5131 --53 1.1427 --39 8.634 --26 7.503 --19 
2.0 4.133 — 61 2.7124 --40 6.949 --30 1.7803 --19 2.8499 --14 
215 4.186 — 49 1.8865 — 32 4.005 — 24 8.501 --16 1.2384 --11 
3.0 3.5716 — 41 2.6982 --27 2.344 --20 2.0377 —13 6.007 —10 
355 1.4652 — 35 1.1519 —23 1.0214 —17, 9.057 —12 8.529 -- 9 
4.0 2.1714 -- 31 5.564 --21 8.906 --16 1.4255 --10 5.703 -- 8 
5.0 1.2515 — 25 2.6566 --17 3.8701 --13 5.638 -- 9 6.806 — 7 
6.0 7.326 — 22 6.367 —15 1.8773 --11 5.534 -- 8 3.0050 — 6 
7.0 3.1917 — 19 2.8304 --13 2.6652 --10 2.5096 — 7 7.701 — 6 
8.0 2.7831 — 17 4.455 —12 1.7823 — 9 7.131 -- 7 1.4265 -- 5 
9.0 8.386 -- 16 3.5449 —11 7.288 — 9 1.4984 — 6 2.1492 -- 5 
10.0 1.2094 -- 14 1.7620 --10 2.1269 -- 8 2.5671 -- 6 2.8224 -- 5 
12.0 5.867 -- 13 1.7294 -- 9 9.391 -- 8 5,100 -- 6 3.7662 -- 5 
14.0 8.3288 -- 12 7.843 -- 9 2.4062 — 7 7.393 — ó 4.115 — 5 
16.0 5.570 — 11 2.2284 — 8 4.458 -- 7 8,937 -- 6 4.032 -- 5 
18.0 2.2775 — 10 4.682 — 8 6.716 — 7 9.674 — 6 3 7137 -- 5 
20.0 6.647 -- 10 8.022 -- 8 8.820 -- 7 9.763 -- 6 3.3001 -- 5 
25.0 3.8640 — 9 1.7882 -- 7 1.2204 -- 6 8.458 -- 6 2.2874 -- 5 
30.0 1.0564 — 8 2.580 — 7 1.2857 — 6 6.571 — 6 1.5411 — 5 
40.0 2.7563 — 8 3.0513 — 7 1.0313 — 6 3.6674 — 6 71255 — 6 
50.0 3.8137 — 8 2.6437 — 7 7.148 -- 7 2.0625 — 6 3.7257 — 6 
75.0 3.4809 — 8 1.3255 — 7 2.2160 — 7 6.084 — 7 9.800 — 7 
100.0 2.2338 — 8 6.445 — 7 1.1788 — 7 2.3256 — 7 3.5536 — 7 

2737165 300° 373,167 500° 600° 

ег e $e a 

А Jy n Jy п J n 7, п J n 
1.0 52512 -- 20 5.698 --18 6.870 — 14 1.2094 — 9 1.4597 — 7 
1.5 2.8227 -- 13 6.520 --12 3.4290 --9 2.3203 -- 6 5.667 -- 5 
2.0 4.329 -- 10 4.562 -- 9 5.009 -- 7 6.647 -- 5 7.302 -- 4 
225 2.7422 -- 8 1.8043 -- 7 7.741 -- 6 3.8640 — 4 2.6287 -- 3 
3.0 3.6847 -- 7 1.7710 --6 4.061 -- 5 1.0564 — 3 5.223 — 3 
3:5 2.0910 — 6 8.031 — 6 1.1772 — 4 1.9230 — 3 7.570 — 3 
4.0 7.029 — 6 2.2819 — 5 2.3911 --.4 2.7563 -- 3 9:152 -- 3 
5.0 3.2026 -- 5 8.215 -- 5 5.383 -- 4 3.8137 — 3 9,9983 -- 3 
6.0 7.443 -- 5 1.6321 -- 4 7.825 -- 4 4.018 -- 3 9.024 -- 3 
7.0 1.2065 -- 4 2.3657 — 4 9.085 — 4 3.7175 — 3 7.496 — 3 
8.0 1.5856 — 4 2.8600 — 4 9.310 — 4 9,2204 -- 3 6.007 -- 3 
9.0 1.8307 -- 4 3.0957 --4 8.875 -- 4 2.7040 — 3 4.748 — 3 
10.0 1.9447 — 4 3.1245 — 4 8.102 — 4 2.2338 — 3 3.7449 — 3 
12.0 1.8931 — 4 2.8201 — 4 6.312 — 4 1.5050 — 3 2.3601 — 3 
14.0 1.6573 — 4 2.3425 — 4 4.736 — 4 1.0224 — 3 1.5319 — 3 
16.0 1.3798 — 4 1.8770 — 4 3.5255 — 4 7.085 -- 4 1.0272 — 3 
18.0 1.1229 -- 4 1.4838 — 4 2.6366 -- 4 5.021 -- 4 7.103 -- 4 
20.0 9.057 -- 5 1.1703 --4 1.9919 — 4 3.6384 — 4 5.049 — 4 
25.0 5.309 — 5 6.600 -- 5 1.0432 — 4 1.7735 — 4 2.3814 — 4 
30.0 3.2185 — 5 3.9044 — 5 5.890 -- 5 9.570 -- 5 1.2584 — 4 
40.0 1.3385 -- 5 1.5780 — 5 2.2537 --5 3.4705 --5 4.451 — 5 
50.0 6.414 -- 6 7.442 -- 6 1.0306 --5 1.5593 --5 1.9460 --5 
75.0 1.5488 -- 6 1.7613 — 6 2.3463 — 6 3.3726 — 6 4.189 — 6 
100.0 5.398 — 7 6.081 —7 7.954 -- 7 1.1225 — 6 1.3811 — 6 

* For reference, see footnote 23, p. 74. . 
(continued) 
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TABLE 55.—CALCULATED SPECTRAL INTENSITIES J, FOR A RANGE OF 
WAVELENGTHS FOR A BLACKBODY OF UNIT AREA FOR A RANGE 
OF TEMPERATURES FROM 50°K TO 25,000°K (continued) 


800° 
ры 
А J n 
10 3.2241 — 70 
20 1.0851 — 32 
30 1.4647 — 20 
40 1.1129 -- 14 
.45 9.103 — 13 
.50 2.9182 — 11 
.55 4.759 — 10 
.60 4.692 — 9 
.65 3.1506 — 8 
‚70 1.5675 — 7 
75 6.1514 -- 6 
80 1.9924 — 6 
90 1.3423 — 5 
1.00 5.840 — 5 
1.50 3.0769 — 3 
2.00 1.4607 — 2 
2:50 2.8902 — 2 
3.00 3.8565 -- 2 
4.00 4.129 -- 2 
5.00 3.3793 — 2 
10.00 7.429 3 
50.00 2.7665 -- 5 
100.00 1.8994 — 6 
1800° 
А Jy n 
10 7.543 --27 
20 5.249 —11 
30 4190 — 6 
40 7.740 — 4 
45 3.9513 — 3 
50 1.3771 — 2 
55 3.6546 — 2 
60 7.935 — 2 
65 1.4810 — 1 
70 2.4599 — 1 
75 3.7284 — 1 
80 5.254 — 1 
90 8.845  — 1 
1.00 1.2691 0 
1.50 2.4072 0 
2.00 2.1930 0 
2.50 1.6350 0 
3.00 1.1538 0 
4.00 5.735 -- 1 
5.00 3.0860 — 1 
10.00 3.0578 — 2 
50.00 6.908 — 5 
100.00 4.497 — 6 
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1000° 


М сә слм C2 


2 а ә а (4) 


AWD ~ >>> ооооо 


1200? 
Js n 
3.3883 = -44 
1.1123 —19 
6.9122 --12 
3.5633 -- 8 
9 5.517 — 7 
8 4.671 — 6 
7 2.5627 — 5 
6 1.0193 — 4 
6 3.1748 — 4 
5 8.178 — 4 
5 1.8135 -- 3 
4 3.5650 -- 3 
4 1.0450 — à 
3 2.3367 — 2 
2 1:67 12 — 1 
2 2.9286 — 1 
1 3.1995 — 1 
1 2.8888 — 1 
1 1.9221 -- 1 
2 1.1984 -- 1 
2 1.6158 -- 2 
5 4.419 -- 5 
6 2.9379 --6 
2200? 2400? 
Ja n Jy 
1.5338 —20 525592 
7.485 -- 8 1.1402. — 
5.308 — 4 3.2616 — 
2.9228 — 2 1.1408 — 
9.967 — 2 3.3440 — 
2.5154 — 1 7.477 — 
5.126 — 1 1.3800 
8.932 -- 1 2.2141 
1.3838 0 3.1988 
1.9592 0 4.267 
2.5864 0 5.348 
2.2297 0 6.382 
4.444 0 8.146 
5.430 0 9.371 
6.391 0 9.241 
4.626 0 6.151 
3.025 0 3.8351 
1.964 0 2.4167 
8.855 -- 1 1.0518 
4.439 — 1 5.171 -- 
4.054 — 2 4.558 -- 
8.570 -- 5 9.401 — 
5.537 — 6 6.062 — 
(continued) 


-- оффе ООООСО ОСООСОС нос 


с л М 


1400° 


ЈА 


9.2178 5 —37 
5.8022 —16 


2.0790 -- 
2.5732 -- 
2.4766 — 


1.4334 -- 
5.761 -- 
1.7677 — 
4.421 == 
9.435 = 


1.7774 -- 
3.0296 — 
7.001 == 
ЛТ == 
5.236 — 


6.916 — 
6.398 == 
5.195 = 
3.0340 | — 
REEL -- 


2.0858 — 
5.2487 — 
3.4566 — 


м 2 М) М М C3 C3 C9 4» 4 лс 


мей кей кі ~ ји 


[SX (о 


НІНІ 
= 


Ск Э -ОООСО мас Фо 


85027 
92695 
2.2404 


4.142 
6.543 
9.222 
1.1941 
1.4500 


1.6755 
1.8625 
2.1128 
2.2133 
1.6591 


9.709 
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3.3905 
172969 
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1.1061 
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TABLE 55.—CALCULATED SPECTRAL INTENSITIES J, FOR A RANGE OF 


WAVELENGTHS FOR A BLACKBODY OF UNIT AREA FOR A RANGE 


OF TEMPERATURES FROM 50°K TO 25,000°K (concluded) 


3000° 


Jy 


5.698 
4.562 
1.7710 
2.2819 
4.795 


8,215 
122195 


9.152 
9.906 


9.9983 
9.6424 
9.024 
8.279 
7.496 


6.728 
6.007 
4.748 
3.7449 
1.2494 


5.049 
2.3814 
1.2584 
4.451 
1.9460 


1.3811 
2.4375 
1.5391 


о момо О А У Соо бо ке о 


|. Ср С ме н 


| 


ЕЕ 


сл bo 


— — ы һа ый 


ооо 


3200% 


Jy 


1.1396 
2.0402 
4.807 
4.825 
9.330 


1.4957 
2.1028 
2.6895 
3.2083 
3.6313 


3.9491 
4.164 
4.327 
4.228 
2.5919 


1.3818 
7.607 
4.432 
1.7598 
8.217 


6.593 
12242 
8.130 


8000% 


| 


Jy 


5.840 
1.4607 
3.8565 
4.129 
3.8032 


3.3793 
2.9415 
235311 
2.1601 
1.8485 


1.5780 
1.3494 
9.945 
7.429 
2.1278 


8.024 
3.6391 
1.8756 
6.438 
2.7665 


1.8994 
3.2700 
2.0663 
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ыға Сә Сә Сә Слз Сал Сә Сә блә Сә О 


O O m нм 


= 
24 
—5 


ІШЕ 


||| 
AbD 


3500° 
OC 4 
n Ja n 
11 5.3650 --10 
3 1.3998 -- 2 
1 1.7358 0 
0 1.2640 1 
0 2.1962 1 
1 3,2321 1 
1 4.237 1 
1 5.113 1 
1 5.807 1 
1 6.303 1 
1 6.611 1 
1 6.754 1 
1 6.662 1 
1 6.248 1 
1 3.4032 1 
1 1.7181 1 
0 9,178 0 
0 5.247 0 
0 2.0369 0 
1 9.391 — 1 
7.361 — 2 
1.3978 — 4 
8.926 — 6 
10,000? 15,000? 
ЈА п Jy n 
2.1268 2 2.5671 4 
8.820 3 9,763 4 
1.2857 4 6.571 4 
1.0313 4 3.6571 4 
8.653 3 27323 4 
7.148 3 2.0625 4 
5.869 3 1,5762 4 
4.816 3 1.2201 4 
3.9614 3 9.563 3 
3.2718 3 7.586 3 
2.7160 3 6.084 3 
2.2670 3 4.931 3 
1.6067 3 3.3311 3 
1.1643 3 2.3256 3 
3.0625 2 5.505 2 
1.1106 2 1.9004 2 
4.926 1 8.194 1 
2.5026 1 4.088 1 
8.443 0 1.3487 1 
3.5918 0 5.664 0 
2.4184 —1 3.7177 —1 
4.099 —4 6.185  —4 
2.5793 --5 3.8748 --5 


С О СО юе, эмо О БК — sO ос 


2 
4 
5 


20,000° 


Jy 


2.8224 
3.3001 
1.5411 
7.255 

5.1415 


9.4237 
2.7903 
2.0780 
1.5936 
1.2456 


оно tot) Go) Ada ds dd hhinn ж 


5000* 


—— 


=) 


Х 


1.2094 
6.647 

1.0564 
2.7563 
3.4034 


3.8137 
4.004 
4.018 
3.9080 
3,7178 


3.4810 
32224 
2.7040 
2.2338 
8.487 


3.6384 
1.7735 
9.570 

3.4705 
1.5393 


1.1225 
2.0216 —4 
1.2808 —5 


35,000? 


Jy 


1.1912 
6.981 
2.6523 
1.1370 
7.825 


5.542 
4.026 
2.9907 
2.2654 
1.7461 


1.3667 
1.0845 
7.078 
4.810 
1.0537 


3.5077 
1.4804 
7.280 
2.3623 
9.818 


6.318 
1.0318 
6.448 


м момо ммм момо 


У С О = 


—1 


ч 
~ 


Сан о о ВБ ВАВА рамах 


=) 
=3 
--5 


TABLE 56.—BLACKBODY SPECTRAL INTENSITIES 85 


Auxiliary table for a short method of calculating Ja for any temperature. (Menzel, Harvard Uni- 
versity.) 
Let Jo — intensity for To = 10,000 °K; for another temperature T °K: 
Ио [Xj (exp (ea/ Xo To) = 1) ]/ (А (ехр (са/ХТ) — 1)] 
For ease of calculation To was taken as 10,000 *K. J,— tabular Ji X 10^ watts, for cm? for 2» solid 
angle per 0.lu. Choose A — X«To/T ; then Ja =J T/T)". As an example find J) for 0.54 and 6000 °K 


from value of J) for 0.34 given in Table 55. 0.5, — 0.3% 10,000/6000. Jx for 0.34,— 1.2857 X 10*. Л 
for \ = 0.54 = 1.2857 x 10* x (6,000/10,000)* — 9.998 x  10*. 


10,000? 
н Áo Áo у 


À Us n À Ј, в А JA n А Js п 

0100 1.3224 --49 1450 2.8776 3 .5500 5.869 3 4.500 5.383 0 
0150 11427 --29 1500 3.3806 3 6000 4.816 3 5.000 3.5918 0 
(0200 6.949 —20 1600 4.458 3 6500 3.9614 3 6.000 1.7761 0 
(0250 4.005 --14 .1700 5.586 3 7000 3.2718 3 7.000 9.756 —1 
.0300 2.3444  —10 1800 6.716 3 7500 2.7160 3 8.000 5.797 --1 
0350 1.0214 — 7 1900 7.805 3 8000 2.2670 3 9.000 3.6548 —1 
0400 8.906 — 6 .2000 8.820 3 8500 1.9031 3 10.00 2.4184 —1 
0450 26833 --4 2100 9.735 3 9000 1.6067 3 12.00 1.1807 —1 
0500 3.8700 — 3 2200 1.0536 4 9500 1.3641 3 14.00 6.433 --2 
0550 3.2828 — 2 2300 1.1215 4 1.000 1.1643 3 16.00 3.7904 --2 
0600 1.8773 — 1 .2400 1.1769 4 1.100 8.613 2 18.00 2.3790 --2 
.0650 7.950 — 1 2500 1.2204 4 1.200 6.494 2 20.00 1.5667 —2 
0700 2.6652 0 .2600 1.2524 4 1.300 4.980 2 25.00 6.4602  —3 
.0750 7.427 0 .2700 1.2739 4 1.400 3.8782 2 30.00 3.1346 --3 
.0800 1.7823 1 2800 1.2859 4 1.500 3.0625 2 35.00 1.6054 --3 
0850 3.7891 1 290 1.2895 4 1.600 2.4487 2 40.00 9,979 —1 
0900 7.288 1 3000 1.2857 4 1.700 1.9805 2 45.00 6.236 --4 
0990 1.2894 2 .3200 12601 4 1.800 161837 2 50.00 4.099 —4 
.1000 2.1269 2 34040 1.2163 4 1.900 1.3348 2 55.00 2.8042 —4 
1050 3.3049 2 3600 1.1606 4 2.000 1.1106 2 60.00 1.9793 —4 
1100 4.881 2 .3800 1.0977 4 2.200 7.867 1 65.00 1.4390 —4 
1150 6.899 2 4000 1.0313 4 2.400 5.724 1 70.00 1.0698 —4 
.1200 9.391 2 4200 9.640 3 2.600 4.262 1 80.00 6.306 --5 
11250 1.2365 3 4400 8.977 3 2.800 529/29] 90.00 3.9340 --5 
.1300 1.5819 3 4600 8.335 3 3.000 2.5026 1 100.00 2.5793 —5 
1350 1.9732 3 4800 7.724 3 3.500 1.4015 1 
.1400 2.4062 3 .5000 7.148 3 4.000 8.443 0 
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96 TABLE 57.—CHANGES DUE TO A CHANGE IN c, 


The adoption of a new value for c» changes the calculated values for Ji by an amount 
that varies indirectly with both the wavelength and the temperature for values of AT 
< 3000, as follows: 

dix — ас; 


Jy AT 

that is, a larger value of cz results in a smaller value of Ji. Values of this correction factor 
for this change in c; have been calculated and are given in the tables for five temperatures 
and a range of wavelengths that cover the visible spectrum. As these percentage correction 
factors are given they are the percentage of the J for 143204 deg that must be subtracted 
{гот it to give Jis. 

A change in c» also results in a different value of the extrapolated temperature as meas- 
ured with an optical pyrometer for a definite ratio of brightness. Thus 


cS Seer 
Т» Т. C2 To To 
To the accuracy necessary for most work, values for other wavelengths, other tempera- 
tures, or other values of cz within these ranges can be found by interpolation. 


Part 1.—Percentage change in J, for a change in c, from 14320 to 14380, degrees 


2000 2300 2600 2900 3200 2000 2300 2600 2900 3200 

МӘ: °K °K oR “К R hing °K aha. СҚ IK °K 
32 9.8 8.5 749 6.7 6.0 .58 SES 4.6 4.1 3.6 3.3 
.34 9.2 7.9 7.0 6.3 B .60 5.1 4.4 39 39 32 
.36 8.7 7.9 6.6 5.9 ES .62 4.9 4.3 3.8 3.4 3.1 
38 8.2 7.1 6.3 5.6 5.0 .64 4.8 4.1 ЗА 3:3 3.0 
.40 7.8 07 5.9 53 4.8 66 4.6 4.0 3.6 22 2.9 
.42 7.4 6.4 5:4 50 4.6 .68 4.5 3.9 55 3.1 2.8 
44 7.0 6.1 5.4 4.8 4.4 .70 4.4 3.8 3.4 3.0 28 
.46 6.7 5.8 5.1 4.6 4.2 he 4.2 9.7 3:3 2.9 2.0 
.48 6.4 5.6 4.9 4.4 4.0 .74 4.1 3.6 2:2 2.8 2.6 
.50 6.2 5.3 4.7 42 3.8 ‚76 4.0 3.5 3.1 2.8 245 
22 5.9 5.1 4.5 4.1 3.7 ‚78 3.9 3.4 3.0 27 2.4 
.54 5.7 4.9 44 3.9 3.5 .80 3.8 3.3 2.9 2.6 25 
.56 5,5 48 42 3.8 3.4 


Part 2.—Change in temperatures, AT, extrapolated from 1336 to the temperature T 
given, c, changed from 14320 to 14380, degrees 


ГК 1500°К 18006 2000°К 2500°К 3000°К 3500°К 4000° К 5000°К 
АТ —.6 —24 —4.1 —8.7 — 15.5 —22.3 —33.0 --56.4 
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TABLES 58-77.—PHOTOMETRY 8/ 


Photometry is the measurement of light, and light has been defined by the 
Illuminating Engineering Society as radiant energy evaluated according to its 
capacity to produce visual sensations. 


TABLE 58.—THE EYE AS A MEASURING INSTRUMENT FOR RADIATION 
Part 1.—Theory 


As a measuring instrument for radiation, the eye is very selective, that is, it does not 
respond equally to radiation of various wavelengths. The data in Part 2 give the relative 
sensitivity of the eye to radiation of different wavelengths. Another peculiarity of the 
eve is that its relative sensitivity changes with the intensity of the radiation that falls upon 
it. This is shown by the data in Table 59. Also the absolute sensitivity of the eye varies 
жі ре intensity of the radiation that falls upon it. This is shown by the data given in 

able 60. 

The data * on which Table 60 is based are not very extensive, but inasmuch as there is 
now some active work on this subject by Lowry of the Eastman Kodak Co. there should 
soon be available data for a wider range of field brightness. The data in Table 59 show that 
the sensitivity of the eye to radiation of lower intensity increases faster toward the blue 
end of the spectrum than in the red end. This is called the Purkinje effect. 

For light measurement at very low brightness care must be taken as to the standards 
used. From the data given in Table 59 it can be shown that sources giving light of different 
colors that were rated as equal by the average eye adapted to a field brightness of about 
1 to 2 millilamberts would be rated quite differently for low field brightness, that is, for 
the eye adapted to a field brightness of 10? millilamberts. 

If the brightness given by two sources such as daylight and a carbon lamp be set equal 
for a field brightness 1 to 2 millilamberts and then these brightnesses both reduced 
mechanically to about 10? millilamberts, the field of the daylight source would seem to be 


about 21 times as bright as that of the carbon lamp. 


5 Dlanchard, Phys. Rev., vol. 11, p. 81, 1918; Stiles and Crawford, Proc. Roy. Soc. London, ser. B, 
vol. 112, p. 428, 1933; Lowry, Journ. Opt. Soc. Amer., vol. 18, p. 29, 1929, 


Values interpolated at intervals of one millimicron 


Part 2.—Relative luminosity factors * [K,] (unity at wavelength of maximum luminosity) 


Ain Standard. ,------------ = ағ” 
тд factors 1 2 3 4 5 6 7 8 9 
380 ‚00004 „000045 .000049 .000054 ‚000059 ‚000064 „000071 .000080 .000090 .000104 
390 .00012 .000138 .000155 .000173 .000193 .000215 .000241 .000272 .000308 .000350 
400 .0004 .00045 .00049 .00054 .00059 .00064 .00071 .00080 .00090 .00104 
410 .0012 .00138 .00156 .00174 .00195 .00218 .00244 .00274 .00310 .00352 
420 .0040 .00455 .00515 .00581 .00651 .00726 .00806 .00889 .00976 .01066 
430 .0116 .01257 01358 .01463 „01571 „01684 ‚01800 „01920 „02043 „02170 
440 „023 „0243 „0257 „0270 „0284 „0298 „0313 „0329 „0345 „0362 
450 „038 „0399 „0418 „0438 „0459 „0480 „0502 „0525 „0549 „0574 
460 „060 „0627 ‚0654 „0681 „0709 „0739 „0769 „0802 „0836 ‚0872 
470 .091 „0950 „0992 „103 ‚1080 „1126 21175 21225 „1278 15348 
480 .139 ‚1448 1507 „1567 ‚1629 ‚1693 „1761 „1833 ‚1909 „1991 
490 .208 .2173 .2270 .2371 .2476 .2586 .2701 .2823 „2951 „3087 
500 5223 .3382 .3544 .3714 .3890 .4073 .4259 .4450 .4642 .4836 
510 .503 .5229 5436 .5648 .5865 .6082 .6299 .6511 .6717 .6914 
520 .710 .7277 .7449 .7615 .7776 .7932 .8082 ‚8225 ‚8363 „8495 
530 ‚862 ‚8739 „8851 „8956 „9056 „9149 „9238 „9320 „9398 „9471 
540 .954 .9604 .9661 .9713 .9760 .9803 .9840 .9873 .9902 .9928 
550 .995 .9969 .9983 .9994 1.0000 1.0002 1.0001 .9995 „9984 „9969 
560 „995 „9926 .9898 .9865 „9828 „9786 „9741 „9691 „9638 „9581 
570 „953 „9455 9386 „9312 9235 „9154 „9069 „8981 „8890 „8796 
580 .870 .8600 .8496 .8388 8277 .8163 .8046 .7928 .7809 .7690 
590 2557 .7449 ‚7327 ‚7202 7076 „6949 „6822 „6694 „6565 „6437 
600 „631 ‚6182 ‚6054 „5926 5797 „5668 „5539 „5410 „5282 „5156 
610 2203 4905 .4781 .4658 .4535 .4412 .4291 .4170 „4049 .3929 
620 .381 3690 3570 3449 .3329 .3210 .3092 .2977 .2864 *2755 
630 „265 .2548 2450 2354 2261 ‚2170 ‚2082 ‚1996 ‚1912 ‚1830 
640 „175 „1672 ‚1596 215253 .1452 .1382 .1316 21251 .1188 .1128 
650 .107 .1014 .0961 .0910 .0862 .0816 20771 .0729 .0688 .0648 
660 .061 .0574 .0539 .0506 .0475 0446 .0418 .0391 0366 .0343 
670 .032 0299 .0280 .0263 .0247 ‚0232 „0219 „0206 „0194 ..0182 
680 .017 01585 .01477 .01376 .01281 01192 „01108 ‚01030 „00956 „00886 
690 .0082 00759 .00705 „00656 ‚00612 00572 .00536 .00503 .00471 .00440 
700 .0041 00381 .00355 .00332 .00310 00291 .00273 .00256 .00241 .00225 
710 .0021 001954 .001821 .001699 .001587 001483 .001387 .001297 .001212 .001130 
720 00105 000975 .000907 „000845 „000788 000736 „000688 ‚000644 ‚000601 „000560 
730 00052 000482 .000447 „000415 „000387 000360 .000335 „000313 „000291 „000270 
740 00025 000231 ‚000214 „000198 „000185 000172 .000160 .000149 .000139 .000130 
750 00012 .000111 .000103 .000096 „000090 000084 .000078 .000074 .000069 .000064 
760 00006 .000056 „000052 „000048 „000045 000042 .000039 .000037 .000035 .000032 





** [L.E. 5. Nomenclature and photometric standards, American Standards Association, ASA C-42. 1941. 
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TABLE 59.—RELATIVE LUMINOSITY DATA FOR VARIOUS FIELD BRIGHTNESSES ? 


(Logarithms of field brightness in first line) 





Wave- 

length 

ти ICI  —0.5 —]1.0 —1.5 —2.0 —2.5 --3.0 ---3.5 —4.0 —4.187* —4.50 --5.00 
ЗОВЕ ЖО, cUm "E 2 IX eae КЕТТ .0002 .000265 .0003 .0003 
0 are M Т Е 22 ROT ај „0003 „0004 ‚0007 .00073 .0008 „0008 
ӘЛІГЕ о i Е seer .0002 .0005 .0009 „0013 „0018 „0019 „0020 ‚0022 
380 .00004 ‚0000 .0001 .0002 .0008 .0015 .0025 .0034 .0045 .0048 ‚0051 ‚0055 
390 .00012 .0001 .0002 .0008 .0022 .0040 „0063 „0083 „0104 ‚0112 ‚0119 ‚0127 
400 .0004 .0004 .0008 .0022 .0059 .0098 .0147 .0185 .0228 .0243 .0253 .0270 
410 .0012 .0014 .0023 ‚0062 „0140 ‚0227 0305 ‚0370 ‚0452 ‚0485 „0500 „0530 
420 .0040 .0044 „0069 „0152 „0280 .0427 .0580 .0690 .0820 .087 .0900 „0950 
430 0116 ‚0121 ‚0165 „0292 ‚0505 .0755 ‚101 „118 ‚138 „145 ‚149 „157 
440 „023 ‚0240 .0300 .0496 .0850 2123 .160 .183 22116 2205 .230 .239 
450 .038 .0395 .0490 „0810 ‚136 ‚187 5227 ‚268 „310 „ЭО ‚326 .339 
460 .060 .0627 „0775 4127 .202 277 „339 .376 .423 .434 .441 .455 
470 .091 .0960 .118 191 .301 .394 .467 2510 „551 „560 „568 „576 
480 ‚139 ‚146 „180 .288 432 .540 .604 .649 .685 .695 -202 714 
490 .208 .220 „274 426 „592 „688 .734 .782 .814 .827 .830 .842 
500 „323 .340 .416 .603 .744 .826 .864 „902 „930 .932 .941 .948 
510 .503 .524 .617 .766 .876 .935 .962 .977 .992 .997 .997 .999 
520 .710 .726 .792 .894 .965 .992 .999 .988 .974 .963 .960 .953 
530 „862 872 .910 972 1.000 ‚982 951 .924 .883 .871 .862 .848 
540 .954 .959 .979 1.000 .969 .909 .842 .796 .744 .7 34 .715 .697 
550 .995 .997 1.000 .971 .886 755 .698 .642 .583 2555 2592 2921 
560 .995 .992 .973 .898 .760 .640 .543 .478 .419 .390 .388 ‚365 
570 .952 .944 .907 .782 ‚617 „485 „384 .330 .281 263 „260 .243 
580 .870 .860 .802 .648 .468 .340 .259 .218 ‚182 „167 ‚164 155 
590 8787 5/42 „673 „509 5423 22/7 ‚166 2127 „112 .102 .101 .0945 
600 „631 ‚616 „544 .374 .224 .145 .101 .0830 0670 .0613 060 0560 
610 .503 ‚490 416 1257 .142 .0870 .0600 .0488 .0388 .0366 0348 0324 
620 .381 ‚366 „296 „168 ‚0845 „0504 0344 „0280 0225 .0212 0202 0188 
630 .265 .250 .197 .102 .0480 .0282 .0194 .0156 .0127 .0118 0114 .0105 
640 125 .162 2122 .059 .0270 .0146 .0107 .0085 .0070 .00653 .0062 .0058 
650 .107 .0990 .0710 „0327 „0147 0084 „0058 .0046 .0037 .00353 .0034 .0032 
660 .061 .0560 .0390 .0174 .0078 .0045 .0031 .0025 „0020 .00189 .0018 .0017 
670 .032 .0303 .0206 .0090 .0041 .0024 .0017 .0013 .0011 .00098 .0010 .0009 
680 ‚017 „0153 ‚0103 „0046 ‚0022 ‚0014 „0009 .0007 .0006 .00050 .0005 .0005 
690 .0082 .0076 .0052 .0024 .0011 .0007 .0004 .0003 .0003 .00025 .0002 .0002 


700  .0041  .0038 .0026 .0012 .0006 .0003 .0002 .0002 .00016 
710 .0021 (0019 ‚0014 ‚0006 ‚0003 ‚0002 .0001 "ue TR 
720 .00105 .0010 .0007 .0003 .0001 0000 P 

730 .00052 .0005 .0003 .0001 uns 


750 .00012 .0001 
760 .00006 .... 
770 .00003 





27 1,. А. Jones, private communication. 
* Average of Weaver and Hecht's values. 


.00013 .0001 


TABLE 60.—BLANCHARD'S DATA RELATING INSTANTANEOUS 


THRESHOLD TO FIELD BRIGHTNESS ** 


Relative 
Field bright- Instantaneous sensitivity 
ness * threshold f (n) Кано $ 
millilamberts 
ПЫ. T9 x 107 047 4.6 
О, Ре m 2:7 x 103 21 4.7 
Ш. е. 8.9 « 10° 1.0 4,7 
EE... 0 108 4.67 4.6 
О „ш... DOCTUS 10.0 No 
D TE o 42 x 10m 21.4 4.7 
ЧО? А... ла ох 46.7 м: 
BU . E... 8.9 х 10 100.0 4.7 
i D ME. NS ПОЉЕ О 467.0 4.6 
ШІЛ 7... 42 x TUS 2140. 4 
ПТ Б (8X 10] 48600. 


** For reference, see footnote 25, p. 87. 


Relative 
value of 
maximum 


047 
21 
1.00 
4.95 
12.0 
29.5 
70.0 
1610 
8220 
3900. 
88500. 


* The field brightnesses are values ohtained hy mechanically increasing or reducing values measured 
at photopic levels. 1 ТаКеп from smooth curve drawn through Blanchard’s data. The unit will 
depend upon definition. As these figures stand they are brightnesses for this radiation measured at 
photopic levels and reduced mechanically to values given. i For radiation from a source at a color 
temperature of 2680 %Қ. $ This is the ratio of the eye sensitivity to that of the eye adapted to the 
next lower (one-tenth) field brightness for this radiation. | Minimum threshold from Taylor's value. 
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TABLE 61.—THE SENSIBILITY OF THE EYE* 89 
Part 1.—Contrast or photometric sensibility 


For the following table the eye was adapted to a field of 0.1 millilambert and the sensi- 
tizing field flashed off. A neutral gray test spot (angular size at eye, 5 X 2.5?) the two 
halves of which had the contrast indicated (4 transparent, 4 covered with neutral screen 
of transparency — contrast indicated) was then observed and the brightness of the trans- 
parent part measured necessary to just perceive the contrast after the lapse of the various 
times. One eye only used, natural pupil. Values are log brightness of brighter field in 
millilamberts. 





Time in seconds 0 1 2 5 10 20 40 60 
Contrast: 0.00.... —2.80 —347 --382 —4.30 --449 --460 --489 —5.03 
0.39.... —2.63 —3.36 --358 --374 --385 —3.97 —406 —4.23 


0.7... -240 -300 —3.13 --522 --521 —333 —346 —3.48 
087... -210 —2.46 --2.49 --248  —2.55 —2.54 --267 —273 
07... -120 -157 -167 —1.69 —1.59 —1.63 —173 —1.78 


Part 2.—Glare Sensibility 


When an eye is adapted to a certain brightness and is then exposed suddenly to a much 
greater brightness, the latter may be called glaring if uncomfortable and instinctively 
avoided. Observers naturally differ widely. The data are the means of three observers, 
and are log brightnesses in millilamberts. The glare intensity may be taken as roughly 
1700 times the cube root of the field intensity in millilamberts. Angle of glare spot, 4°. 


асв беа. —6.0 -40 -20 —10 © +1.0 2.0 3:0 4.0 
Во саге 1:35 1.90 2.60 2.90 3.28 3.60 3.90 4.18 4.48 


Part 3.—Rate of adaptation of sensibility 


This table furnishes a measure of the rate of increase of sensibility after going from 
light into darkness, and the values were obtained immediately from the instant of turning 
off the sensitizing field. Both eyes were used, natural pupil, angular size of test spot, 4.9°, 
viewed at 35 cm. Retinal light persists only 10 to 20 minutes when one has been recently in 
darkness, then in a dimly lighted room; it persists fully an hour when a subject has been 
in bright sunlight for some time. A person who has worked much in the dark “gets his 
eyes” quicker than one who has not, but his final sensitiveness may be no greater. 


Logarithmic thresholds in millilamberts after 


Sensitizing Уд 
field Osec 1 ѕес 2 sec 5sec 10sec 20sec 40sec 60sec Smin 30 min 60 min 
White 0.1 ml... —2.79 —3.82 —4.13 —4.50 —4.75 —4.96 —5.16 —5.32 —5.68 —5.91 —6.06 
l.0ml... —2.20 --2,99 .—3.27 —-3.79 — 4.15 — 4.51 —-4.82 ——5.06 ——5.52 --5.86 --6.04 
10.0 ml... —1.60 —=2.30 —2.53 -—3.08 —-3.54 — 3.94 —4.31 ——4.6] —5.22 —5.83 — 6.01 
100.0 ml... —0.90 —1.66 —2.00 -—2.46 --2,64 --2.88 --3.20 -—3.84 -—4.76 ——5.77 --5.97 
Blue 0.1 ml... —2.82 — 3.92 —4.36 —4.91 —5.27 —5.53 --5.68 --5.81 --6.23 -- -- 
Green 0.1 ml... —2.69 -—4.08 —4.39 --4.82 —5.11 --5.26 --5.43 --5.56 --5.80 -- -- 
Yellow 0.1 ml... —2.61 --3.84 ——4.17 -—4.41 -—4.65 —4.78 --5.02 --5.09 --5.39 — — 
Red 0.1 ml... —2.32 -——2.69 — 2.98 — 3.37 ——3.57 --3.65 --3.73 --3.80 --4.02 — — 


* For reference, see footnote 25, p. 87. 


TABLE 62.—MINIMUM ENERGY NECESSARY TO PRODUCE THE SENSATION 


OF LIGHT 
Ives |. 38 Хх 10^? erg sec Astrophys. Journ., vol. 44, p. 124, 1916. 
Russell)... 7.7 <x loge 9 “ Astrophys. Journ., vol. 45, p. 60, 1917. 
Reeves ....19.5xX]107? " “ Astrophys. Journ., vol. 46, p. 167, 1917. 
Emsson*...1209 910 9 * “ Journ. de phys., vol. 7, p. 68, 1917. 
Taylor ....Minimum threshold for dark-adapted Journ. Opt. Soc. Amer., vol. 32, p. 506, 
eye, a surface, at a brightness of 1942. 


1.8 X 107 millilamberts, source 
color temperature 2850 °K. 
Hecht ..... 2.2-5.7 X, 10"? ergs at cornea, con- Journ. Opt. Soc. Amer., vol. 32, p. 42, 
sidering losses the amount of 1942. 
energy that reaches the retina is 
such that I quanta is absorbed by 
from 5-14 retinal rods. 
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TABLE 63.—APPARENT DIAMETER OF PUPIL AND FLUX DENSITY 
AT RETINA 


Flashlight measures of the pupil (both eyes open) viewed through the eye lens and 
adapted to various field intensities. For eye accommodated to 25 cm, ratio apparent to 
true pupil, 1.02, for the unaccommodated eye, 1.14. The pupil size varies considerably with 
the individual. It is greater with one eye closed; e.g., it was found to be for 0.01 milli- 
lambert, 6.7 and 7.2 mm; for 0.6 ml, 5.3 and 6.5; for 6.3 ml, 4.1 and 5.7; for 12.6 ml, 4.1 
and 5.7 mm for both eyes and one eye open respectively for a certain individual. At the 
extreme intensities the two values approach each other. The ratio of the extreme pupil 
openings is about 73, whereas the light intensities investigated vary over 1,000,000-fold. 


Flux at 
Field (1.14/1.02) Effective retina, lumens 
millilamberts Observed X obs. area per mm? 
.00001 8 mm 8.96 mm 22-64 таппа? 84 x 107? 
.001 7.6 8.5] 57 7.6 X 1028 
1 6.5 7.28 42 5.6 < 1078 
10 4.0 4.48 16 21 105 
1000 2.07 2.35 4.3 5а 105 


TABLE 64.—MISCELLANEOUS EYE DATA 


Light passing to the retina traverses in succession (a) front suríace of the cornea 
(curvature, 7.9 mm) ; (b) cornea (equivalent water path for energy absorption, 0.06 cm); 
(с) back surface cornea (curv., 7.9 mm); (d) aqueous humour (equiv. H.O, 0.34 cm, 
п = 1.337) ; (e) front surface lens (c, 10 mm); (f) lens (equiv. H;O, 0.42 cm, n — 1.445) ; 
(д) back surface lens (c, 6 mm) ; (/1) vitreous humour (equiv. H;O, 1.46 ст, и = 1.337). 
An equivalent simple lens has its principal point 2.34 mm behind (a), nodal point 0.48 mm 
in front of (g), posterior principal focus 22.73 mm behind (a), anterior principal focus 
12.83 mm in front of (a), curvature, 5.125 mm. At the rear suríace of the retina (0.15 mm 
thick) are the rods (30 X 2u) and cones (10 (6 outside fovea) u long). Rods are more 
numerous, 2 to 3 between 2 cones, over 3,000,000 cones in eye. Macula lutea, yellow spot, 
on temporal side, 4 mm from center of retina, long axis 2 mm. Central depression, fovea 
centralis, 0.3 mm diameter, 7000 cones alone present, 6 Ж 2 ог Зи. In region of distinct 
vision (fovea centralis) smallest angle at which two objects are seen separate is 50" to 
70” = 3.65 to 5.14% at retina; 50 cones in 100и Һеге; 4u between centers, 3x to cone, 
Іш to interval. Distance apart for separation greater as depart from fovea. No vision in 
blind spot, nasal side, 2.5 mm from center of eye, 15 mm in diameter. 

Persistence of vision as related to color and intensity is measured by increasing speed 
of rotating sector until flicker disappears: for color, 0.4, 0.031 sec; 0.45, 0.020 sec; 0.5,, 
0.015 sec; 0.574, 0.012 sec; 0.68u, 0.014 sec; 0.76u, 0.018 sec; for intensity, 0.06 meter- 
candle, 0.028 sec; 1 mc, 0.020 sec; 6 mc, 0.014 sec; 100 mc, 0.010 sec; 142 mc, 0.007 sec. 

Sensibility to small differences in color has two pronounced maxima (in yellow and 
green) and two slight ones (extreme blue, extreme red). The sensibility to small differ- 
ences in intensity is nearly independent of the intensity (Fechner's law) as indicated by the 
following data due to Konig: 


1,000,- 
1/1 000 100,000 10,000 1000 100 50 10 5 1 0.1 Ig in mc 
01/1, white... .036 .019 .018 .018 .030 030 048 2059 2123 277 .00072 
о. ‚024 ‚016 ‚020 ‚028 038 .061 2103 .212 — ‚0056 
.50ш.... — = .018 .018 .024 .025 .036 .049 .080 2133 .00017 
43ш.... — — — .018 025 027 .040 .049 .074 137 .00012 


TABLE 65.—DISTRIBUTION COEFFICIENTS FOR EQUAL-ENERGY STIMULUS 
1931 1.C.1. standard observer * 


The fact that almost any color can be produced by the proper mixture of 
red, green, and blue light, has been used as a basis of a system of color specifi- 
cations that has been adopted by the International Commission on Illumination. 
In the system adopted by that Commission in 1931, the primaries are called the 
X, Y,and Z stimuli. The properties of the standard observer are given by his 
tristimulus specifications of the spectrum stimuli as a function of wavelength. 
This table gives this specification for the equal energy spectrum. 


?8 Judd, D. B., Journ. Opt. Soc. Amer., vol. 23, p. 359, 1933. 


(continued) 
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TABLE 65.—DISTRIBUTION COEFFICIENTS FOR EQUAL-ENERGY 01 


STIMULUS (concluded) 





470 
475 


570 


575 
580 


Totals.. 


.0014 
.0022 
.0042 
.0076 


.0143 
.0232 
.0435 
.0776 
,1344 


(2148 
.2839 
3285 
.3483 
.3481 


.3362 


Coefficients 


зу 


0000 
0001 
0001 
0002 


0004 
.0006 
.0012 
.0022 
.0040 


.0073 
.0116 
.0168 
.0230 
.0298 


.0380 
.0480 
.0600 
.0739 
.0910 


1126 
1390 
‚1693 
.2080 
.2586 


.3230 
„4073 
.5030 
.6082 
.7100 


9292 
‚8620 
.9149 
.9540 
.9803 


9950 


* э э ө * 


Wave- Coefficients 
length 

2 (та) + У 8 

„0065 580 9163 ‚8700 0017 
„0105 585 9786 ‚8163 ‚0014 
‚0201 590 1.0263 ‚7570 0011 
0362 595 1.0567 .6949 0010 
‚0679 600 1.0622 6310 ‚0008 
‚1102 605 1.0456 „5668 ‚0006 
‚2074 610 1.0026 .5030 .0003 
‚3713 615 9384 4412 ‚0002 
‚6456 620 8544 3810 ‚0002 
1.0391 625 ‚7514 „3210 0001 
1.3856 630 ‚6424 ‚2650 0000 
1.6230 635 „5419 .2170 „0000 
1.7471 640 4479 ‚1750 „0000 
1.7826 645 ‚3608 ‚1382 0000 
1:7721 650 .2835 .1070 .0000 
1.7441 655 .2187 .0816 .0000 
1.6692 660 .1649 .0610 .0000 
1.5281 665 1212 .0446 .0000 
1.2876 670 .0874 .0320 .0000 
1.0419 675 .0636 .0232 .0000 
.8130 680 .0468 .0170 .0000 
.6162 685 .0329 .0119 .0000 
.4652 690 .0227 .0082 .0000 
13522 695 ‚0158 0057 ‚0000 
.2720 700 0114 0041 ‚0000 
2123 705 0081 ‚0029 ‚0000 
‚1582 710 „0058 0021 „0000 
‚1117 715 .0041 .0015 .0000 
.0782 720 ‚0029 0010 „0000 
20575 725 .0020 .0007 ‚0000 
‚0422 730 0014 ‚0005 „0000 
0298 735 „0010 „0004 0000 
‚0203 740 .0007 .0003 .0000 
.0134 745 .0005 .0002 .0000 
.0087 750 .0003 .0001 .0000 
.0057 755 ‚0002 „0001 0000 
‚0039 760 ‚0002 ‚0001 „0000 
‚0027 765 0001 .0000 .0000 
.0021 770 ‚0001 ‚0000 0000 
‚0018 775 ‚0000 „0000 „0000 
0017 780 ‚0000 „0000 0000 


rc TON 21.3713 21.3714 213715 


TABLE 66.—RELATIVE MAGNITUDE OF UNITS OF ILLUMINATION 


Units 


1 lux 
1 phot 


1 milliphot 


1 foot-candle 


Lux 


1 


10,000 


10 
10.76 
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Phot Milliphot Foot-candle 
.0001 slot .0929 
l. 1000. 929. 

.001 М .929 
‚001076 1.076 1. 


92 TABLE 67.—VISUAL RANGE OF WHITE LIGHTS * 


Candlepower c candles at visual threshold of steady point source of white light seen 
against white background brightness b millimicrolambert (my) at range r sea miles 
through an atmosphere of attenuation a. per sea mile is given by 


сих ОСИ 
which is valid within a factor of 3 for b from total darkness to full daylight. For practical 
signaling or navigation multiply c by at least 100. 


Threshold c cindles, b — 100 mg L, at night 
Ranger 


sea mile ql qs a — 0.6 а-- 024 
ЖЫ ЖОЮ 04 05 ‚00 .09 
С а. И 15 229 41 9 
ИН, и 39 65 ES 52 
SOME vp ME .91 2.9 12 90 
V ооо а TA 1.8 8.6 62 1100 
I) NN S ve 27 3.6 34 610 35000 


* Knoll, H. .\., Tousey, R.. and Hulburt, E. O., Journ. Opt. Soc. Amer., vol. 36, p. 480, 1946. 


TABLE 68.—THE BRIGHTNESS OF THE SUN 


From the definition of a lumen, the lumen output from a point source within a unit solid 
angle is numerically equal to the candlepower of the source. This also holds for any 
radiating source that behaves as a point, such as a spherical blackbody,* or any spherical 
radiator of uniform brightness that obeys the Lambert cosine law of radiation, providing 
the measurements are made at such a distance from the source that the inverse square 
law is obeyed. (See Table 74.) As an example of this, consider the brightness of the sun. 
The sun when directly overhead on a clear day gives an illumination of about 10,000 foot- 
candles. This is equal to 10,000 lumens per ft.2 (See Table 73.) To change this to lumens 
for a unit solid angle, multiply by the radius of the earth's orbit squared (1.e., 2.41 5X 10? 
ft). Thus, the candlepower of the sun is 2.41 X 107. To get the brightness per cm? divide 
this by the projected area of the sun in cm? (i.e, 1.52 X( 109), which gives about 160,000 
c/cni' for the brightness of the sun as observed at the earth’s surface. This, of course, 
assumes that the sun's surface is of uniform brightness and that its radiation obeys the 
Lambert cosine law. The data (Table 813) on the distribution of energy of the solar 
spectrum give a brightness of the sun of 146,000 c/cm". 


‚ * The lumens within a unit solid angle around the normal from a plane blackbody is equal to 0.92 
times the normal intensity. 


о... 


TABLE 69.—SOME OBSOLETE PHOTOMETRIC STANDARDS 
(In use prior to 1948.) 


In Germany the Hefner lamp was most used; in England the Pentane lamp and sperm 
candles; in France the Carcel lamp was preferred; in America the Pentane and Hefner 
lamps were used to some extent, but candles were largely employed in gas photometry. For 
the photometry of electric lamps, and in accurate photometric work, electric lamps, stand- 
ardized at a national standardizing institution, were employed. 

The "international candle" designated the value of the candle as maintained by co- 
operative effort between the national laboratories of England, France, and America: and 
the value of various photometric units in terms of this is given in the following table 
(Circular No. 15 of the Bureau of Standards) : 


l international candle = 1 Pentane candle. 

] international candle — 1 Bougie decimale. 
1 international candle — 1 American candle. 
] international candle — 1.11 Hefner unit. 

] internationa! candle — 0.104 Carcel unit. 


1. Standard Pentane lamp, burning pentane............. 10.0 candles. 
2. Standard Hefner lamp, burning amy! acetate.......... 0.9 candles. 
3. standard Сагсе атр, богине со ое 9.6 candles. 
4. Standard English sperm candle, approximately........ 1.0 candles. 


The international candle was in reality taken from the candlepower of a number of in- 
candescent lamps, operated under definite conditions and kept at the standard laboratories 
of France, Britain, and the United States. 
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(Adapted from Reports of Committee on Nomenclature and Standards of Illuminating 
Engineering Society, 1942.) 





Apostilb = 0.1 millilambert. 

Brightness of a luminous surface may be expressed in two ways: 

(1) br =dI/dA cos 6 where @ is the angle between normal to surface and the line of 
sight; normal brightness when @ is zero. 

(2) be — dF/dA assuming that the surface is a perfect diffuser, obeying cos law of 
emission or reflection. Unit, the lambert. 

Candle per cm* — 3.1416 lamberts — 1 stilb. 

Candle per in.” = .4868 lambert = 486.8 millilamberts. 

Foot-candle = 1 lumen incident per ft? = 1.076 milliphots = 10.76 lux. 

Illumination on surface = E = flux density on surface = di‘/dA (A is surface area) = 
F/A when uniform. Units, meter-candle, foot-candle, phot, lux. 

Lambert, the cgs unit of brightness, is the brightness of a perfectly diffusing surface 
radiating or reflecting one lumen per cm”. Equivalent to a perfectly diffusing surface with 
illumination of one phot. A perfectly diffusing surface emitting one lumen per ft’ has a 
brightness of 1.076 millilamberts. Brightness in candles per cm? is reduced to lamberts 
by multiplying by т. 

Lambert — 1 lumen emitted per cm? of a perfectly diffusing surface. 

Lambert = .3183 candle per cm? = 2.054 candles per in. 

Lumen is emitted by .07958 spherical candle. 

Lumen emitted per ft? = 1.076 millilamberts (perfect diffusion). 

Luminous efhciency = F/# expressed in lumens/watt. 

Luminous flux = F or Y = rate of flow of radiation measured according to power to 
produce visual sensation. Although strictly thus defined, for photometric purposes it may 
be regarded as an entity, since the rate of flow for such purposes is invariable. Unit is the 


lumen, the flux emitted in a unit solid angle (steradian) by a point source of unit candle 
power. 


Luminous intensity of (approximate) point source = / = solid-angle (w) density of 
luminous flux in direction considered — dF/de, or F/« when the intensity 1s uniform. 
Unit, the candle. 

Luminosity factor of radiation of wave-length A = A, = ratio of luminous to radiant 


flux tor that Aw Гу Ф,. 

Lux = ] lumen incident per m? — .0001 phot — .1 milliphot. 

Mechanical equivalent of light = ratio of @/F for the A of max. visibility expressed in 
(ergs/sec)/lumen or watts/lumen; it is the reciprocal of max. luminosity. See Table 58. 

Millilambert = .929 lumen per ft^ (perfect diffusion). 

Milliphot = .001 phot = .929 foot-candle. 

Phot — 1 lumen incident per cm? — 10,000 lux = 1000 milliphots. 

Photon = small bundle of energy (hv), also called a quantum. 

Radiant flux = = rate of flow of radiation as energy, measured as ergs per second 
or watts. 

Specific luminous radiation, E’ = luminous flux density emitted by a surface, or the flux 
emitted per unit of emissive area, expressed in lumens per cm’. For surfaces obeying 
Lambert’s cosine law, E’ = mb. 

Spectral luminous flux at wavelength Хх = (K3)(4$). Spectral luminous curve ex- 
presses this as a function of A and is different for various sources. 

One spherical candle emits 12.57 lumens. 

Uniform point source of one candle emits 47 lumens. 


TABLE 71.—RELATIVE MAGNITUDES OF UNITS OF BRIGHTNESS 


Candle 
| per cm? Milli- Candle Foot- 
Units (Stilb) Lambert lambert рег їп.? lambert 

] сапе рег сп? = |. 3.142 3142. 6.452 2919. 
l lambert .3183 1 1000. 2.054 929. 
] millifambert .000318 .001 1. 00205 .929 
1 candle per in? 1550 .487 487. l. 452. 
1 foot-lambert 000342 001076 1.076 ‚00221 1. 


1 candle per ft.2 = 3.142 foot-lamberts. 


l stilb = 1] candle per cm’? 


l apostilb = 0.1 millilambert. 
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TABLE 72.—THE WAIDNER-BURGESS STANDARD OF LIGHT INTENSITY * 





This standard of light intensity is the brightness of a blackbody at the temperature of 
freezing platinum. The blackbody used was made of thorium oxide and was immersed in 
the melting platinum: very pure platinum (99.997 percent) was used. Reproducible to 
0.1 percent, the brightness was found to be 58.84 international candles per cm. ТМ» 
Waidner-Burgess standard, taking the brightness of the blackbody at the freezing point of 
platinum as 60 candles per cm", was adopted by the International Committee on Weights 
and Measures in 1937 as the new unit of light intensity and was put into effect January 1, 
1948.“ 

The light from the blackbody at the temperature of freezing platinum is not greatly 
different in color from that given by carbon-filament standard lamps, as the color tempera- 
ture of the lamp filaments is about 2100 °K, whereas the freezing point of platinum 1s 
2042 °K. In this range of color the new unit of intensity is about 1.9 percent smaller than 
the old international candle, and sources of light are correspondingly given higher numeri- 
cal ratings. However, when light sources of higher color temperature are compared with 
these basic standards, the accepted spectral luminosity factors give slightly lower values 
for the “whiter” sources than were obtained by visual measurements when the present 
international units were established. The difference between the two scales therefore grows 
less as the color temperature of the sources measured is increased, and for sources in the 
range of ordinary vacuum tungsten-filament lamps, around 2500 °K, the new scale crosses 
the international scale as used in the United States. Furthermore, when the range of 
standards was extended to gas-filled tungsten-filament lamps and other new types, the 
measurements were made by methods nearly in accord with the luminosity factors. Con- 
sequently the present ratings of tungsten-filament lamps in this country will be practically 
unaffected by the change, no type being changed by more than 1 percent. 


30 Wensel, Roeser, Barbrow, and Caldwell, Nat. Bur. Standards Journ. Res., vol. 6, p. 1103, 1931. 
31 Nat. Bur. Standards Circ. С-459, 1947. 


TABLE 73.—SYMBOLS AND DEFINING EXPRESSIONS FOR .PHOTOMETRY * 








Symbol and 
defining Proposed 
Designation equation Unit term 
иппон Nux КО. КККК О. Е Lumen Im 
4 : . dF 
Luminous intensity (candlepower).. 1 == Сапе C 
ЕГ dre Foot-candle ft-c 
t -- 
Шинпптласоа, 2.2.2 270 и Е TA ie, Phot IE 
(панику том зе пева ae о © — hat Lumen-hour Im-hr 
t = time in hours 
| a Candle per c/in.? 
Бопе = о sania E or ae B= е7 unit area c/cm 
соз ф Stilb sb = с/с? 


The mechanical equivalent of light m is the least amount of mechanical energy in watts 
necessary to produce 1 lumen. This energy must, of course, produce light at the wave- 
length (A = 0.5564) where the average eye has its maximum sensitivity. 

Suppose Ba is the brightness of a blackbody in candles per cm’, then 


Bo >f [МУ (ехр(с/ ХАТ) — 1) Аа 
пт 


where Ay is the relative luminosity factor (Table 58). The integration is taken over the 
visible spectrum. The constant ci is to be so chosen as to give the energy per unit wave- 
length for a 27m solid angle, then s»: is the mechanical equivalent of light. Using the new 
value of the brightness of the blackbody at the platinum point (60 candles/cm’) and 
making the above calculation for the platinum point (2042.16 °K) using the new radiation 
constants (Table 53), gives ;1 — 0.00147 watts/lumen. The reciprocal of this, 680 lumens/ 
watt, is the value generally given. 


Equivalents and conversion factors for photometry.—The total flux from a source 
of unit spherical candlepower is 12.57 lumens. 


1 lux = I lumen incident per m? 
1 phot = 1 lumen incident per cm? 
1 foot-candle = 1 lumen incident per ft? 


* For reference, see footnote 26. р. 87. 1 See Table 66. t See Table 71. 
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TABLE 74. —APPARENT CANDLEPOWER OF DISK OR LINE SOURCE AT 
VARIOUS DISTANCES 


d = distance; L = length or diameter of (disk) source. 


Candlepower, percent Candlepower, percent 


C A 
d/L Line Disk а/1. Line Disk 
SS ee 99.31 99.0 Па 99.88 99.83 
TONO. 99.83 99.74 O ве 99.94 99.90 
ОЖ е ы 99.98 99.95 





TABLE 75.—SPECTRAL LUMINOUS INTENSITIES 


From Planck's equation and constants given in Table 53 and the relative luminosity 
factors (Table 58) the spectral luminous intensities were calculated for a series of wave- 
lengths (dà = .014), and for a number of temperatures and then reduced to equal total 
luminous intensities. These relative values tor the brightness (photometric) of the black- 
body at different temperatures hold for measurements made with a field brightness above 
about 1 millilambert but do not hold for measurements made for low field brightness. 
Some time ago some engineers engaged in photometry found a need for agreement for a 
standard for low intensity. It was then decided * to use a source at a color temperature of 
2360 °K. Recently * the International Committee on Weights and Measures adopted the 
blackbody at the freezing point of platinum (2042°K) as the standard for low-intensity 


brightness in photometry. 





2000 2042.16 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 

Хіпш ue © eK “қ °K oK °K к К eK “Қ eK 
.38 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 
539 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 
.40 „00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00000 .00001 
41 ‚00000 .00000 .00001 .00001 .00001 .00001 .00001 .00001 .00002 .00002 .00002 .00002 
.42 .00002 .00002 .00002 .00003 .00004 .00004 .00005 .00006 .00007 .00007 .00008 .00009 
‚43 „00008 .00008 .00009 .00011 .00013 .00015 .00018 .00020 .00023 .00025 .00028 .00030 
44 ‚00019 .00021 .00023 .00028 .00032 .00037 .00042 .00047 .00053 .00058 .00064 .00069 
.45 .00041 .00044 .00049 .00057 .00065 .00074 .00083 .00093 .00102 .00111 .00121 .00131 
.46 .00083 .00088 .00096 .00111 .00125 .00140 .00155 .00171 .00186 .00202 .00217 .00233 
.47 „00157 .00167 .00180 .00204 .00228 .00252 .00276 .00301 .00325 .00349 .00372 .00396 
.48 „00297 .00313 .00336 .00374 .00413 .00452 .00490 .00528 .00565 .00602 .00638 .00673 
.49 „00544 .00570 .00606 .00667 .00728 .00786 .00845 .00902 .00957 .01011 .01063 .01114 
550 101024 (0106/ .01125 .01223 .01318 .0141 01501 .01587 .01670 .01750 .01827 " 01901 
5I .01915 .01983 .02075 .02229 .02376 .02517 .02652 .02780 .02903 .03019 .03131 .03237 
552 03217 .03313 .03442 .03654 .03853 .04042 .04220 .04387 .04545 .04694 .04834 .04967 
553 04609 .04721 .04871 .05112 .05336 .05544 .05739 .05919 .06087 .06243 .06388 .06524 
.54 .05972 .06086 .06236 .06475 .06692 .06890 .07072 .07238 .07390 .07530 .07659 .07776 
585 .07240 .07341 .07473 .07678 .07861 .08022 .08168 .08297 .08412 .08517 .08613 .08695 
.56 .08356 .08432 .08528 .08675 .08800 .08905 .08996 .09073 .09139 .09198 .09243 .09284 
557 „09167 .09207 .09255 .09323 .09374 .09409 .09433 .09449 .09457 .09459 .09455 .09447 
58 .09545 .09544 .09539 .09518 .09488 .09449 .09405 .09358 .09307 .09256 .09203 .09150 
.59 .09408 .09366 .09307 .09203 .09098 .08992 .08889 .08786 .08686 .08591 .08498 .08409 
.60 .08833 .08757 .08654 .08483 .08319 .08163 .08013 .07873 .07739 .07611 .07491 .07379 
‚61 .07890 .07791 .07658 .07443 .07243 .07056 .06882 .06720 .06570 .06428 .06296 .06173 
„62 06663 .06554 .06409 .06178 .05966 .05774 .05595 .05432 .05281 .05141 .05012 .04893 
‚63 „05143 .05039 .04904 .04689 .04495 .04322 .04162 .04018 .03886 .03765 .03654 .03552 
.64 .03752 .03663 .03547 .03366 .03204 .03061 .02930 .02813 .02708 .02610 .02522 .02442 
.65 .02523 .02455 .02366 .02228 .02107 .02000 .01904 .01818 .01741 .01671 .01608 .01550 
.66 .01576 .01528 .01466 .01371 .01287 .01215 .01150 .01092 .01041 .00995 .00953 .00916 
.67 .00902 .00872 .00833 .00773 .00721 .00677 .00637 .00602 .00571 .00544 .00519 .00497 
.68 .00521 .00502 .00477 .00440 .00408 .00381 .00357 .00335 .00317 .00300 .00285 .00272 
.69 .00272 .00262 .00248 .00227 .00209 .00194 .00181 .00169 .00159 .00150 .00142 .00135 
.70 00147 .00141 .00133 .00121 .00111 .00102 .00095 .00088 .00083 .00078 .00073 .00069 
71 .00081 .00077 .00073 .00066 .00060 .00055 .00051 .00047 .00044 .00041 .00039 .00037 
72 .00044 .00041 .00039 .00035 .00032 .00029 .00026 .00024 .00023 .00021 .00020 .00019 
273 .00023 .00022 .00020 .00018 .00016 .00015 .00014 .00013 .00012 .00011 .00010 .00009 
.74 00012 .00011 .00010 .00009 .00008 .00007 .00007 .00006 .00006 .00005 .00005 .00005 
.75 00006 .00006 .00005 .00005 .00004 .00004 .00003 .00003 .00003 .00003 .00002 .00002 
.76 .00003 .00003 .00003 .00002 .00002 .00002 .00002 .00002 .00001 .00001 .00001 .00001 

Relative 
light 
output: .775 1.000 1.399 2.398 3.927 6.178 9.383 13.810 19.765 27.594 37.661 50.372 

А тах: 25825 5870. 5805. 5785 57270. Де 5755. ..5745 .5730 49715 .5705. (5695 445655 


3? Weaver, К. S., Journ. Opt. Soc. Amer., vol. 38, 
vol. 39, p. 888. 71949. 


33 Terrien, Journ. Opt. Soc. Amer., 


* Platinum point. 
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TABLE 76.—BRIGHTNESS OF BLACKBODY, CROVA WAVELENGTH, 
MECHANICAL EQUIVALENT OF LIGHT, LUMINOUS INTENSITY, 
AND LUMINOUS EFFICIENCY OF BLACKBODY 


The values of the luminous intensity J in candles and the luminous flux F in lumens 
have been calculated using Planck’s equation and the values of the luminosity factors Ay 
given in Table 58. The basis of these values is the value of the Waidner-Burgess standard 
of light intensity. 

The following equation is used: 


= fT) Kid, 
тп 


where B, — 60 candles per cm?, Т = 2042.16 °К, апа «1 — the minimum mechanical equiva- 
lent of light expressed in watts per lumen. 

The radiation constants (Table 53) used in these calculations and the value given in the 
table as the brightness of the blackbody at this temperature (2042.16) give for the reciprocal 
of the mechanical equivalent of light 680 lumens per watt. This means that 1 watt of 
radiated energy at about \ = 0.555 will give 680 lumens. 

bou night has sometimes been defined as that emitted by a blackbody at a temperature 
of SR 

The crova wavelength for a blackbody is that wavelength Xe, at which the spectral 
luminous intensity varies at the same rate as the total luminous intensity varies for a 
change in the temperature. 


Total Crova 
Temperature intensity Brightness wave- 
°К watts/cm? * candles/cm? Lumens/cm? Lumens/watt length 
1200 11.16 .0140 .04 003; 
1400 21.79 .245 .77 .035 
1600 37.18 2.145 6.74 .18 
1700 47.38 5.28 16.57 295 .584u 
1800 59.55 11.78 37.00 ‚62 
1900 73.92 24.23 76.11 1.03 
2000 90.76 46.47 1.460 X 10? 1.61 578 
2042.16 98.65 60.00 1 1.885 х 10: 1.91 
2200 1.3288 x 10? 1.439 x 10* 4.520 x 10° 3.40 
2500 2.2158 х 10° 5.628 х 10° 1.7679 x 10? 7.98 572 
2700 3.0146 x 10? 1.186 x 10? 3.726 X 10" 12.36 
3000 4.5946 x 10? 3.021 x 10? 9.491 x 10° 20.7 568 
3500 8.5122 X 10? 1.031 x 10* 3.183 X 10! 37.4 .564 
4000 1.4521 x 10? 2.525 X 10 7.932 X 10‘ 54.6 .562 
4500 2.3260 X 10° 5.158 х 10 1.620 x 10 69.7 .560 
5000 3.5453 x 10° 9.164 х 10" 2.879 Х 10° 81.2 .558 
5500 5.1906 »x 10? 1.4705 х 10° 4.620 Х 10° 89.0 1997 
6000 7.3514 x 10? 2.186 X 10° 6.868 х 10° 93.4 .556 
6500 1.0126 Х 10: 3.065 х 10" 9.629 х 10 95.1 2055 
7000 1.3619 x 10* 4.103 x 10* 1.289 x 10° 94.6 555 
7500 1.7948 & 10° 5.294 x, 105 1.663 х 10" 92.7 
8000 23234 x 10: 6.630 X 10° 2.083 X 10° 89.6 .554 
10,000 5.6724 X 10‘ 1.3221 0° 4.153 x 10* 72322 


* Calculated, e — 5.6724 x 10-12, watts cm-* deg-! 


1 Brightness, Waidner-Durgess standard. See Table 69. 
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An optical pyrometer is a device for measuring the temperature of a high-temperature 
radiating body by comparing its brightness for a selected wavelength interval (within 
the visible spectrum to be sure) with that of some standard selected source. The wave- 
length, or wavelength interval, is generally selected by the use of a red glass in the eye- 
piece. This gives rise to the term effective wavelength. (See Table 562.) The effective 
wavelength of a monochromatic screen for a definite temperature interval has been defined 
as the wavelength for which the relative brightness, as calculated from Wien's equation 
for this temperature interval, is the same as the ratio of the integral luminosities for these 
two temperatures, as measured through the red screen. 

Various devices are used to make these comparisons, and different devices have been 
used as the comparison source. It seems that most users of the optical pyrometer today 
prefer to use the disappearing-filament type, which has a small filament as the comparison 
source. 

The optical pyrometer as generally calibrated gives the true temperature of blackbodies 
but not of other radiators. If one radiating characteristic of any other radiator—e.g., its 
emissivity—is known, true temperatures can be determined of such radiators, e.g., an 
incandescent tungsten filament, by the use of the optical pyrometer. The emissivities of a 
number of sources are given in Table 78. 

The true temperature T of a non-blackbody may be determined from its brightness 
temperature, Sa (the apparent temperature), and its emissivity ел from the following 
relation: 

1 1 _ Alog er 


TE S cose 


For some calculated values see Table 79. 

This entire subject is extensively treated in "Temperature, Its Measurement and Con- 
trol," a report of a symposium on this subject published by the Reinhold Publishing Co. 
in 1941. 
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TABLES 78-84.—EMISSIVITIES OF A NUMBER OF MATERIALS 


TABLE 78.—NORMAL SPECTRAL EMISSIVITIES FOR SOME ELEMENTS 
AND ALLOYS 


The emissivity, spectral or total, of any non-blackbody shows the relation between the 
intensity of its radiation and that of the blackbody when both are at the same temperature. 
Spectral emissivities have been measured for a number of materials for different tempera- 
tures and different wavelength intervals and are shown in Part 1. 


Part 1.—At temperatures generally above 1000 °K * 


Room temperature values are given in a few instances where they, along with values at 
higher temperatures, form a connected series and where the values given for the higher. 
temperatures depend on those given for low temperatures. 


Emissivity 
Red Green Blue Remarks 
Temperature oF 
Material °K Aing ое Лтд е, Aing е, 
Өле x 1600 66 ‚89 
2500 .66 .84 
Copper, ......... 1275 ‚66 105 Solid 
1350 .66 .120 Solid 
1375 .66 .150 Liquid 
1450 .66 .140 Liquid 
1500 .66 „13 Liquid 
[UU CERO 1000 ‚66 27 Solid 
1480-1500 .65 .37 Solid and liquid 
Кола не 1200 665 .43 
Molybdenum .... 300 665 .420 467 .425 
1300 665 .378 467 .395 
2000 665 .353 467 .380 
2750 .665  .332 .467 .365 
Nickel s sioe .. 1200-1650 .665  .375 .535  .425  .460  .450 Solid 
Тата... 300 665 .493 467 .565 
1400 (665 .442 4467 .505 
2100 665 .415 467 460 
2800 665 .390 467 E 


35 Worthing, A. G., Temperature radiation ее and emittances, Temperature, Its Measure- 
ment and Control, p. 1184, Reinhold Publishing Co., 


Part 2.—Emissivity of a number of metals at their melting point = 


(сх expressed in percent) 


Ac. 55H A 650 A= S554 A= 654 
Metal Solid Liquid Solid Liquid Metal Solid Liquid Solid Liquid 

Beryllium ..... 61 81 61 61 Niobium ..... 61 T 49 40 
Chromium ..... 53 M 39 39 РаПадшт .... 38 X 33 37 
Cobalt 222222. те m 36 37 Рана... 38 ex 33 38 
Соррег ........ 38 36 10 15 Rhodium ..... 2 »- 29 30 
Erbium. ....... T. 30 55 38 silver ЖО <35 <35 4 7 
ШЕ» 22222... <38 <38 14 22 Thorium ..... 36 - 36 40 
Iridium ....... A D 30 n: Titanium ..... 75 75 63 65 
ае e " 37 37 тата к 77 = 54 34 
Manganese .... .. ey: 59 59 Vanadium .... 29 ы 35 32 
Molybdenum ... .. e 43 40 Ytterbium .... .. са 35 25 
Nickel ее. 44 46 36 37 Zirconium .... .. v 32 30 


35 International Critical Tables. 





(continucd) 
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TABLE 78.—NORMAL SPECTRAL EMISSIVITIES FOR SOME ELEMENTS 
AND ALLOYS (concluded) 


Part 3.—Emissivities of tungsten ™ 


Tempera: 
ture 
“К 304 238 
1200 250% 495 
1500 „502 492 
1800 „500 488 
2000 498 485 
2200 .496 482 
2500 493 .1477 
2600 192. .476 
2700 .491 .475 
2800 490 3.473 
2900 .489 1472 
3000 2188 470 
3200 ERI 468 
3400 .484 .465 


36 Forsythe, W. E., and Adams, E. Q., lourn. Opt. 


.467 
2482 
.476 
.472 
. 469 
466 
.362 
.460 
.459 
„158 
.456 
.455 
EM 
.450 


.665 


.452 
2445 
„+39 
.435 
.431 
425 
44:23 
121 
.+19 
417 
.415 
2411 
.407 


Wavelength 


8 1.0 
2728 .390 
4122 84585 
.417 .382 
414 .380 
‚410 .378 
409 375 
4403 .373 
401 1972 
о 371 
22207 70 
326 365 
Jeo) 2566 
388 .363 


бос. 


1.5 1.8 2.0 2.5 3.0 
mS М2 115 4027 116 
.280 „191 „164 „145 2122 
284 .206 .180 .161 „148 
„287 2150 ‚191 М70 158 
.290 225 .201 .180 „167 
1205 240  .217 .195 .180 
.297 .245 222 .200 .184 
.298 „249 228 .205 „188 
„299 „254 233 „210 2192 
„300 „259 „239 E215 .197 
.302 .263 .245 220 .200 
2305 2,3 2531 .208 
.308 2830898. 26599 —2 41 .216 

„\тег., vol. 35, p. 108, 1945. 


For À — 1.274 the spectral emissivity is constant and equals 0.335. 


Total 

— emis- 
4.0 sivity 
100.138 
11527292 
„127 72236 
‚135 259 
‚144 .278 
2155 30] 
.159  .309 
4163 215 
167 21 
2170 4229 
1173 .334 
180 .341 
.186 .348 


Part 4.—E missivities of some metals specially prepared by heat-treating and 
out-gassing * 


Element 
Chromium .... 


Cobalt 


.66 


Ітоп а 


oer ev ee ee 


* o9 9 9? €? cs 9? à 


Nickel 
Niobium 


ev wee 


Aing 


Tempera- 

Emis- ture 

sivity °K 

.334 1050-1560 
2327 1240-1378 
342 1378-1450 
344 below 1178 
4405 1178-1677 
1327 1677-1725 
‚362 1300-2100 
.350 1200-1400 
.374 1300-2200 


E]ement 
Palladium 


Platinum ... 


Rhodium 
Tantalum 
Thorium 


Tungsten ES 
... .6605 


Uranium 


Emis- 
sivity 
.З11 
.291 
.295-.310 
.242 
.439-.384 
„380 
46 
.453 
‚416 


Aing 


Tempera- 
ture 
°K 


1200-1400 
1200-1400 
1200-1800 
1300-2000 
1200-2400 
1300-1700 
1200 2200 
1180-1320 
1325-1370 


3: Private communication from Wahlin, taken from data by Wahlin and Knop, L. V. Whitney, Wahlin 


and Wright, Worthing, Fiske, Phys. R 


ev. 


TABLE 79.—CORRECTIONS IN °C TO ADD TO BRIGHTNESS TEMPERATURE 
READINGS, FOR DIFFERENT EMISSIVITY, TO OBTAIN THE 
TRUE TEMPERATURE * 


Pyrometer using red light, wavelength, \ = .665u4. and co = 143804 ?K at observed 


Emis- 


sivity 1000 
‚10 119.2 
‚20 80.4 
.30 59.0 
.40 44.2 
.50 33.1 
.60 24.2 
.70 16.8 
‚80 10.4 
‚85 7.5 
.90 4.9 
.95 2.4 


1100 


1200 
175.8 
1127 
85.9 
64.3 
48.0 
39:0 
24.2 
154 
10.9 
7. 
3.4 


temperatures degrees Kelvin, of 


1300 
208.9 
139.3 
101.4 

29.0 

56.5 

41.2 

28.5 

17.7 

12.6 

8.3 
4.0 


1400 1500 
245.3 285.1 
162.8 188.5 
118.3 136.7 
88.3 101.8 
65.8 75.8 
47.9 Sa] 
33.1 38.0 
20.5 23.6 
14.9 17.1 
9.6 11.0 
4.7 3.) 


1600 1700 1800 
328.6 3757 4268 
216.3 246.2 278.4 
156.5 177.7 200.5 
116.4 1320 1486 
86.5 98.0 110.2 
62.9 ДІСІ 79.9 
43.4 49.0 55.1 
26.9 30.3 34.1 
19.5 22.0 24.7 
12.6 14.2 15,9 
6.1 6.9 7.7 


* The values given in this table also give the correction for a window having a transmission given in 
column 1 for different temperatures of the source when this window is used between the source and the 


pyrometer, 
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TABLE 79.—CORRECTIONS IN °C TO ADD TO BRIGHTNESS TEMPERATURE 
READINGS, FOR DIFFERENT EMISSIVITY, TO OBTAIN THE 
TRUE TEMPERATURE (concluded) 


Pyrometer using red light, wavelength, \ = .665u. and cz = 143804 °K at observed 
temperatures degrees Kelvin, of 


ae 1900 2000 2200 2400 2600 2800 3000 3600 
10 481.9 541.2 673.0 823.9 9952 11895 1408.3 22378 
.20 312.9 349.8 430.7 S219 623.8 737.2 862i) 15120 
.30 224.8 250.509 3070 370.1 440.0 217.2 601.6 902.4 
40 166.3 185.2 226.1 271.7 330.4 377.0 436.9 648.0 
.50 1232 137.0 166.9 200.0 236.4 276.1 9192 469.6 
.60 89.3 99.2 120.6 144.2 170.1 198.3 228.9 334.6 
‚70 61.5 68.2 82.8 98.9 116.5 135.6 156.2 20172 
.80 38.0 42.1 5181 60.9 71.6 83.3 95.9 138.9 
‚85 245 30,5 2420 44.1 51.8 60.2 69.2 100.1 
.90 12 19.7 23.8 28.4 33.3 38.7 44,5 64.2 


290 8.6 95 ШЕ 15.7 16.1 18.7 2175 31.0 


TABLE 80.—COMPUTATION OF TOTAL EMISSIVITY VALUES FOR VARIOUS 
GLASS SAMPLES AT LOW TEMPERATURES * 


Apparent 


emissivity * Computed Temperature Corrected 
Thick. о transmittance f differential t emissivity 
ness 500 320 100  ,————^—————. m m 
Sample (mm) °С “С vi i 500 320 100 500 320 100 475 320 100 
Fused quartz ..... 1.96 .75 80 75 .266 3109023 19 8 1 67 7 766415 
Солех 0... 3.40 860 580 .76 113 .041 .002 49 18 2 01 ,900 .83 
Пе... аго а 557 .82 .82 .78 .145 .041 .004 21 IE 159 „82 ‚87 ‚835 


Dissipating of energy by lamp bulbs.—The bulb of a 120-volt 500-watt lamp dissi- 
pates 18.5 percent of the input energy to the lamp. About 10 percent is lost by radiation 
and 8.5 percent by conduction and convection by the surrounding air. The losses from other 
similar lamp bulbs probably agree with this. 


3$ Barnes, B. T., Forsythe, W. E., and Adams, E. Q. Journ. Opt. Soc. Amer., vol. 37, p. 804, 1947. 
* Assuming no radiation transmitted through sample from heater and no temperature gradient. 
T Assuming all of sample at heater temperature. Í Between front and back surfaces. 


TABLE 81.—RELATIVE EMISSIVITIES FOR TOTAL RADIATION 


Emissive power of blackbody = 1. Receiving surface platinum black at 25°C; oxidized 
at 600 + °C. 


Temperature, °C 


200 400 600 
SISSE: У liio Ru NC .020 .030 .038 
Рп ...8 7. M. M... О .060 .086 .110 
Gwdized zine ...9028 о... ML... ШЕ — .110 — 
Oxidized aluminum$..... 9-0... .... .113 .153 .192 
Calorized. copper, Oxidized 5... и, ое .180 .185 .190 
ЗЕ ОП 2. 222... ER .210 — — 
Шектес шске! о... E. .369 424 ‚478 
e odizedimonel .2335..:59 999. ES. o oT. .411 .439 .463 
G3lorized?steel,, oxidized. 259... ED... S .521 .547 .570 
Oxidized сорт 22.22.2... .568 .568 .568 
adized(brass ..99.... v OS CENE IER .610 .600 .589 
(ке геа Пеза ... 6... .. сенке... со EES .631 — — 
Че cast топ... ИЕ 643 .710 (777 
бкесітей бее! а-ы ERE .790 ‚788 ‚787 


For radiation properties of bodies at temperatures so low that the radiations of wave- 
length greater than 20u or thereabouts are important, doubt must exist because of the 
possible and perhaps probable lack of blackness of the receiving body to radiations of those 
wavelengths or greater. For instance, see Tables 568 and 573 for the transparency of soot. 
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TABLE 82.—TOTAL EMISSIVITY VALUES OF VARIOUS MATER!ALS AT 
LOW TEMPERATURES * 


Material Condition At 100*C 320°C 500°C 

Alleghany alloy Мо 460......... Polished EMT 

Alleghany metal ioana No. 4 polish 9 

О е Commercial sheet .09 

И И Polish .095 

а. Rough polish .18 

алганы 2200. ..... .29 

Hugs A и Polished .059 

CHOON о. Rough plate 27 .77 72 
G3rbon, кгарһїїїгей ........... Rough plate .76 45 vA 
(ШО О a aa Raa Polished 075 

(бирре оа Polished 052 

Соррег-пїсКе! ................. Polished .059 

с, а es Dark gray suríace 281 

[КОЗ Iur. ER Roughly polished .27 

БАН ACK so. as suo ee os CO Rough deposit 84 ‚78 
р БОЕ 222222222 22Һ,.. Polished .071 

Mick еа ое Polished ‚072 

Nickel-silver ................. Polished ‚145 

Radiator paint, Dlack -..... ‚84 

Iadiatoppairnt, bronze ec. 2/4 Sl 

Radiator paintacream ое. 2.27 77 

Кааог рајполућне ..........Ӊ._ .... ‚79 

нь Polished 052 

Staimless steel Е аса Polished .074 

эсс. етте ТТР Polished ‚066 

ШШК ге ы с> ый Polished .069 

NEUES cui ODD CEU Commercial coat .084 

по теп о ооо EE Polished coat .066 

In MM ME el. Commercial coat 21 


* For reference, see footnote 38, p. 100. 


TABLE 83.—PERCENTAGE EMISSIVITIES OF METALS AND OXIDES 


True temperature °C 500 600 700 800 900 1000 1100 1200 


60 FeO.40 Fe;O; Total 85 85 86 87 87 88 88 89 
— Fe heated 


Шага = бы — — — 98 97 95 93 92 
ГОДЕ Et Total — 54 62 68 72 25 81 86 

OE oO RE = 65u — — 98 96 94 92 88 87 
Platinum: 


True temp. °C... 0 100 200 300 400 500 750 1000 1200 1400 1600 1700 
App.* temp. ^C... — — — -— — — — 486 630 780 930 1005 
Total emiss. Pt.. 31 40 51 61 70 80 103 124 TIUS IS. ONES 


Oxides > А == ‚65и NiO СолО, ЕелО, M nO, TiO, ThOs \.Оз ВеО NhOx УмОа Ст„О» UsOs 
SO Е В ПИСЕ 26 5006000636307 7104409 ОЁ 
са а не 66 63 53" 47 5 0697. M: E m т. 


* As observed with total radiation pyrometer sighted on the platinum. 


TABLE 84.— TOTAL RADIATION FROM BARE AND SOOT-COVERED NICKEL * 


(watts/cm?) 
°K 400 500 600 700 800 900 1000 1200 1400 
Soot-covered Ni ........ .096 ‚28 „59 1.87 3 3 4.8 


Polished Ni initial heat.. (002 032 079 166 31 55 91 217 449 
E “ after above.. .0066  .023  .058 .123 24 44 76 204 4.49 


3 Barnes, Phys. Rev., vol. 34, p. 1026, 1929. 
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TABLES 85-102.—CHARACTERISTICS OF SOME LIGHT-SOURCE 


Yt 4— 008 86 0992 Сер 0161 28 SIZI <6ГІ 5868 • 101 9822 1212 2492 Orb 000 
сє /— bz ITb (0252 tSt С601 98 016 <ӨГІ 2598 «9101 2042 $106 65662 Ibr 006 
9 8 — 869 РР <000 665% 0011 68 S99 6671 18:28 «LCl «6PIOT 902 5062 9162 ФР 0082 
8€ 8 — SZI Lh #691 9% 8%6 26 08h 5671 2664 «ЕСІ ОРОТ 1602 2642 (52 ebb 00/2 
Or 6 — %6 05 ТОРЕ 275% 260 96 eee <6ГІ 5852 «ЕСІ 22101 5761 0692 9622 bbb 0092 
čb 01 98, ES ФИ 66% 99 66 0922 5671 Іғ2/ Фа ІСІ #2101 6581 p8SZ pzz ОУ 008 
т 0 921 9S 126 109 (695 #01 011 5671 6689 06- 028 671 ОПОТ СМЛ 602 ге № 00 
фОП- 2702 09 #04 РР ОГ 801 0046 <ГІ 0959 82— 518 LIT 80101 8891 1/62 6012 ӘР” 0062 
8 21—  SSc V9 855 89r 65/9 СП 165 <ГІ 6209 92- 008 STI ОТ 1091 1922 9700 67 0022 
0  І- 652 60 685 54 5560 LIL OSE SOIT 6886 #2— 58/7 ELT %6007 ISI TSIZ pól OS 0012 
55 pI— 602 SL М2 06% 2 Ға 561 SOIT 8555 22— 044 ITI 88001 8271 Oz 2581 csv 0002 
96 - 61 18 981 6% 0881 OFT бор <ГІ OCZS Oc— 557 601 18001 аре 5°6т IZZI €Sh 0061 
CNET SEE om PE SII 206 СОТ /Є1 90S 5611 506 81— ObZ LOT 564001 #21 5281 +891 pSr 0081 
59 8I— 181 #66 Ш 85 01 УФ ZZZ — SOUI %% 627 #01 69001 911 2241 761 55 00/1 
49 02— 9% 001 ОР 1S Ж/7 TSE Ро coll 500 OTZ 101 <9001 0801 6191 6041 957 0091 
8002 Ips — роб <ӨГІ 6Р6Е S69 66 75001 166 ISI 0021 757 0061 
ЕП 60 85 а с671 269 089 96 250071 $06 РТ 0561 600 001 
ZSS в 6671 6258 599 #6 990071 68 2121 0Р1 09% 0081 
есе #91 6671 9206 059 106 ІРЮ01 862 0171 671 297 0021 
£S'G 101 6021 #242 609 +/8° 9001 65: 801 8507 59 00П 
165 009 6021 92% 029 198 29001 185 9001 996 %97 0001 

OSS — ££€ 6021 <<12 82001 006 

LrS  O£LU 6021 ISSI 2001 008 

0580: 6021 6/61 810071 004 

2820 6021 LOST #1001 009 

0510 6021 801 010071 005 

с6Р00' 6021 0038 60001 007 
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TABLE 86.—RADIATION AND OTHER PROPERTIES OF TANTALUM * 





Temperature Resis- | 
tivity Radia- 
Emissivity Bright- tion Td Total 
ness Radia- p-ohm- watt/ жо: emis- 
°K 6654 .4634 .665д Со]ог поп ст cm? ndT sivity 


°K °K °K 
300 .493 .56 54 бин d. 
1000 .459 E» 966 
1200 .450 .51 1149 
1400 .442 .50 1329 


1600 .434 .49 1506 1642 1062 67.6 4.80 .194 
1800 .426 .48 1680 1859 1222 74.1 1 4.80 AR 
2000 418 47 1851 2075 1390 80.5 21. 4.80 232 
2200 411 46 2018 2288 1556 86.9 33.4 4.80 225] 
2400 .404 .45 2180 2497 1730 92.9 50.7 4.80 .269 
2600 397 44 2339 2705 1901 99.1 75 4.80 .287 
2800 390 Bs 2495 2911 2080 105.0 106 4.80 „304 
3000 „384 $ 2647 Е МЕ. 272. а dn TM 
3300 mp  .375 2. 2870 


41 Worthing, A. G., Phys. Rev., vol. 28, p. 190, 1926. 


TABLE 87. —RADIATION AND OTHER PROPERTIES OF MOLYBDENUM * 





Radia- 
Temperature Resis- Bright- tion Lumi- 
tivity ness in- nous 
Emissivity Bright- normally tensity efficiency 
ness Radia- ш-оћт- сапШев/  watts/ lumens/ 
°K .665u .475u 3 сей Color tion cm cm? cm? watt 
°K °K °K 
215 ‚420 425 E... Т Т 5.14 c eum 
1000 .390 .403 958 1004 557 23.9 .0001 258 EE 
1400 1375 .393 1316 1411 864 35.2 089 3.18 ‚093 
1600 ‚367 .388 1489 1616 1024 41.1 .765 6.30 40 
1800 .360 .383 1658 1823 1187 47.0 4.13 11.3 1222 
2000 2359 .379 1824 2032 1354 53.1 15.9 19.2 2.75 
2200 .347 .375 1986 2244 1523 59.2 48.5 30.7 5.28 
2400 „341 ‚371 2143 2456 1693 65.5 123 47.0 8.70 
2600 .336 .368 2297 2672 1866 71.8 270 69.5 13.0 
2800 .331 .365 2448 2891 2039 78.2 540 98 18.4 
2895 .328 .363 2519 2997 2122 81.4 730 116 


* For reference, see footnote 41, above. 


TABLE 88.—RELATION BETWEEN BRIGHTNESS TEMPERATURE AND 


COLOR TEMPERATURE FOR VARIOUS SUBSTANCES 


Қ Corresponding color temperature for— 
Brightness — ee 


tempera- Untreated Nernst 

ture carbon Gem Platinum glower Osmium Tantalum Tungsten 
1400°K 1414 а 1568°K 1538 1444 1507 1492 
1500 1515 паса 1692 1642 1562 1631 1607 
1600 1616 1620 1821 1747 1680 1758 1723 
1700 1718 1735 1952 1852 1799 1883 1841 
1800 1820 1852 2086 1954 1919 2010 1961 
1900 1923 1962 "s. 2053 2045 2137 2082 
2000 2028 2064 m. 2146 2168 2265 2206 
2200 2240 2255 РЕ 2310 2427 2500 2457 
2400 um m SM — 2688 2/85 2/18 
2600 me us VU Т DE Ж 2988 
3000 Е mm m B e es 3564 
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TABLE 89.—COLOR MINUS BRIGHTNESS TEMPERATURE FOR CARBON 


Brightness temp. °K.... 1600° 1700° 1800° 1900° 2000° 2100° 2200° 
Color—brightness ..... 2 7 12 16 22 28 33 


TABLE 90.—RELATIVE BLUE BRIGHTNESS, B, AND BRIGHTNESS IN 
CANDLES PER CM? C, OF SOME INCANDESCENT OXIDES AT 
VARIOUS RED (0.6654) BRIGHTNESS TEMPERATURES, S, 


S = 1500 1700 1800 1900 2000 

Material B C B C B C B C В G 

НКО. а... 06 91 27 53 ..74 120 180 240 39 
MDa SCCM ee... sss cee caso ese 038 84 41 59 111 14 27 33 6.3 74 
Urania, gas air and oxy-gas... 028 102 31 66 484 15 20 35 45 78 
Ceria, pure: Oxy-gas......... 035 Т08 32 63 83 14 19 2 40 62 
9 ТТ 032 104 32 71 85 17 20 40 40 88 
brown mE T 033 1.15 .30 67 83 15 1.68 33 3.5 68 
Oxides of Ce group: Oxy-gas. .031 .97 34 63 92 14 23 33 50 71 
Neodymia: Oxy-gas ......... 052. 11799093" 6. 929-85. 239933 5.0 64 
Lanthana : ЕА 033 1П 34 66 89:15 21 9 45 64 
Erbia: SX БИЕТІ (047171 45 81 117 16 27 33 56 63 
Yttria, pure: Oxy-gas........ 067 1.18 61 7.3 1.56 17 36 32 70 63 
95% риге: “ _........ (047 120 46 73 119 16 28 36 5.9 75 
Zirconia: Oxy-gas .......... 058 737755 36 145 577904440 70 30 
Thoria: TT Жұрын 2 сарп (033 144 56 7.5 1.40 16 31 32 63 63 
Alumina: ЕСИ. 076 145 87 94 25 22 61 49 13.6 103 
ВегуШа: CES = 086 162 90 97 28 22 69 49 154 104 
Magnesia : E XE 21 24 1.31 10 28 22 бои 1022 б” 
Thoria 1% ceria: Oxy-gas.... .078 145 70 86 171 10 41 43 84 90 
1% urania: НК... 069 133 67 83 17719 41 44 87 93 
trace urania: 4 ... 1050 133 68 8.3 1.93 19 4.8 44 105 93 
1% neodymia: “ .... .046 143 43 71 114 1 26 29 5.5 56 
l%Mnoxide: “ .... 035 113 37 61 ІЮ 13 24 28 5.3 56 


TABLE 91.—COLOR TEMPERATURE, BRIGHTNESS TEMPERATURE, АМО 
BRIGHTNESS OF VARIOUS ILLUMINANTS 


Brightness 
Source T 5 (А = .665) с/спа? 
Gas flame: 
РАЗУМ ТЕ аи и 2160 
Candle shape about 10 cm high.... 1875 
Hefner as a whole.................... 1880 
Candle: 
Ред 2252 нани «а: НИ 1930 
Рата о ee 1925 
Репїапе 10-ср. 5{0.................... 1920 
Кеговепе: 
Раб уск... и. 2055 1500 1:27 
Round, wick ....99 0 LINT 1920 1530 15] 
дурс carbon mei... ES. ED S. 2080 2030 54.9 
3.1 уурс {геаїей сагБбоп................ 2165 2065 70.6 
ZEW OC сеп... TEE 2195 2130 78.1 
ВОС О... eo ЖОЕ 2185 2035 60.8 
борс tantalum... ©........ . 2260 2000 53.1 
Acetylene as a whole................. 2380 
One еро... 2465 1660 6.69 
МЕТ”... 2360 1730 10.8 
125 рс {їйдөїеп.................... 2400 2150 125 
23 MPE Е о... аа: 2400 2320 258 
ип: 
Outside atmosphere ............. 6500 224000 
А самые ига Се 2. ао... 5600 165000 
alegre онь ee Е 4 
МО ЖЕРРИ ОЕ -............ ш р E 
Melsbachemantle .................... PTT 9.0 
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TABLE 92.—CHARACTERISTICS OF SOME CARBON ARCS * 105 


Low intensity and high intensity carbon arcs 


Arc f 
Positive carbon Amperes volts 
Low-intensity carbons 
0 mm low intensity.......... 20 55 
Ы Ше... 22 55 
I « EM uu 40 55 
High-intensity projection carbons 
GEMM ирге... 40 37 
r и в ...... 50 37 
S. DE ҺИ TP 70 40 
9 “ rotating positive ...... 85 58 
D E Soor 115 55 
13.6 “ d С ee УА 68 
u у EN 6 150 78 
о 2 "S. 170 75 
[бл E Ко" С. ла 225 75 
High-intensity searchlight carbons 
10 mm rotating positive...... 100 75 
[2 ш E 120 75 
16 “ н ан 150 78 
16 “ ы И 195 90 
Vertical trim ac and dc flame arcs 
Carbons 
Arc 
Upper Lower Amperes volts 
1" WF i" WF 
Photo + Photo + 40 S5 aç 
Ж а 40 55 dc 
> а 40 55 ас 
i" 2F 8 B 40 55 dc 


Upper 
polarity 


BM s: 


Alternating-current high-intensity carbon arcs 


Lumens per 
arc watt 


14.9 
15:7 
16.3 


31.5 


Lumens per 
arc watt 


Are Lumens per 
Carbon Amperes volts arc watt 
7mm 65 26 ac 60.5 
8 mm 80 29 ac 61.5 
9mm 95 26 ac 68.5 
. * Data furnished by W. W. Lozier of National Carbon Co. + All direct-current power. 1 “Ха- 
tional” white flame photographic carbons, rare earth cored. $ "National" 2F carbon, neutral cored. 


TABLE 93.—EFFICIENCIES OF SOME EARLY INCANDESCENT LAMPS OF 


ABOUT 60-WATT SIZE * 


Lumens 

per watt 
Edon s early carbonslamp. ео. спадао ега с снесе... 1.8 
Mreaced cannon јап ооо ооо ааа 3.2 
БЕЛЛА o a aa a T T 4.0 
ЕР О 22-22. О 5.0 
Mantakin a у rer erre e BD rd 4.9 
ШЕШШ Л НИ Су IOTER. COREQOUO 1 2.. IER. 4.9 
И ар осе а поло ОТОО) с с тата eere REED Sen 7.8 
Типрзјеп Јатр (1949) сопед соп1...................... 14.0 


42 Forsythe, W. E., and Adams, E. Q., Bull. Denison Sci. Lab., vol. 32, p. 70, 1937. 
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Life 
600 hr 
600 


600 
900 


1,000 
1,000 


106 


TABLE 94.—INCREASE IN TUNGSTEN LAMP EFFICIENCY OVER A 


* 750 hours life. 


PERIOD OF YEARS 


t Vacuum lamps. 


Date Temperature 
Lamp measured °K 
100-watt squirted filament ...............- 1908 1 2,355 
WO watt drawn млге _....................- 1909 1 2,360 
lO- watt drawn wire 2... ............... 19151 2,475 
lO watt gas Пеи 1921 2,740 
100га} ра5-ППей ....................... 1932 2,800 
ТӨЯ АТ са$-ППей ....................... 1936 2,845 
ОЮ а: gas-filled * .................... 1936 2,855 
100-watt gas-filled * coiled coil............. 1948 2,860 


Efficiency 


in 


lumens 


per watt 


8.8 

9.3 
10.3 
12.6 
14.3 
14.9 
15.5 
16.3 


TABLE 95.—TEMPERATURE AND EFFICIENCY OF SOME TUNGSTEN- 


FILAMENT LAMPS * 


General service 


Temperature 
Lamp watts Life (hrs) Ipw °K 
6+ 1500 6.9 2400 
25 $ 1000 10.5 2585 
40 1000 11.9 2750 
60 coiled coil 1000 14.0 2770 
100 coiled coil 750 16.3 2850 
500 1000 20.3 2940 
1000 1000 21.0 3000 
1500 1000 22.0 3050 
Life 
Lamp Volts Current Watts (hrs) Lumens 
Street series 6.6 2000 1000 
6.6 2000 6000 
20.0 2000 6000 
20.0 2000 15,000 
CX 120 60 500 
120 500 500 
Studio or airport 120 5000 I5 
lighting 120 10,000 75 
Floodlight 120 500 800 
120 1500 800 
Projection lamps 
Area 
Monoplane 120 151 500 50 122% 
Biplane 120 65 500 25 
120 135 1000 25 
Coiled coil 
4 seg. 120 19 50 50 790 
3 seg. 120 4] 100 50 1850 
3 seg. 120 55 200 50 4240 
Photoflood Photographic lamps 
No.1 120 250 2 8650 
Е2 120 500 6 
4 120 1000 10 33,500 
Two large lamps (monoplane) 
10 kw. 120 83.3 10,000 280,000 
50 kw. 120 416 50,000 1,400,000 


Max. bare 
bulb f 
Temp. 
°С 
34 
43 
127 
122 
127 
198 
Тетр. 
lpw °K 
16.0 2870 
19.2 2940 
20.1 2995 
21.0 3010 
13.6 2840 
21.8 3030 
2277 баце 
327 3350: 
17.6 2925 
20.8 3170 
265 3270" 
26.0 3270 * 
27.6 3360 * 
15.8 2920 
19.2 2950 
212 2985 
3430 * 
3350 * 
3410 * 
28 3300 
28 3300 


* Data furnished by W. E. 
values furnished by W. H. Fisher, Nela Park. 
perature at junction of base and bulb. 
* Color temperature. . 

(continued) 
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l| Area of coil in mm?. 


Forsvthe and E. M. Watson, of the General Electric Co. 
i Vacuum lamps, all others are gas-filled. 


Base t 
Temp. 
C 


31% 
105 


94 
100 


Candle- 
power 


1545 


1700 
4045 


80 
185 
390 


33,000 
166,000 


t These 
$ Tem- 


f Candlepower іп direction used. 
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TABLE 95.—TEMPERATURE AND EFFICIENCY OF SOME TUNGSTEN- 
FILAMENT LAMPS (concluded) 


Lamp for type B Kodachrome 


Life 
Lamp Volts Current Watts (hr) | Lumens lpw 
120 500 60 13,300 
120 1500 100 41,000 
120 5000 150 138,000 
Some small lamps 
Sewing machine .. 120 122 7:5 
Sign (СЇеаг) ..... 120 80 8.0 
Photocell exciter.. 10 1000 
10 1600 
8.5 680 
8 160 
4 30 
Watts per 
Candle- spherical 
Lamp Volts power candle 
Plashiight РК ИН сео 2.38 .80 1.45 
Ване РЕ... 2,57 1.55 117 
Blasbliglht 130 С 1:25 .19 4.10 
Flashlight е... 6.15 215 .87 
Напа 1ап{егп 248........... 2.50 1.45 1.35 
Flashlight 605 T ......... 6.15 4.2 ‚88 
Radio Panel No. 44......... 6.15 .60 1.5 
Grain-o-wheat surgical ..... 1.5 .028 6.0 
Christmas tree m. m... 120 4.7 1.0 
Automobile lamps 
Rear, instrument bd. ........ 6.85 2.9 1.32 
Step, aux. headlight ......... 15:5 2.9 1:27 
Dome. panel и. ти 6.9 6.3 1.01 
О... м. о. 6.75 14.4 ‚80 
omer panel а: 135 6.3 „99 


Candle- 


Temp. 
е power f 


K 
3200 * 
3200 * 
3200 * 


2345 * 
2400 * 
3100 * 
3100 * 
3200 * 
2660 * 
2935 * 


оор 
2735 
2770 
2550 
2745 
2620 
3030 
2400 
2115 
2625 


2820 
2810 
2915 
2980 
2870 


TABLE 96.—SOME CHARACTERISTICS OF FLUORESCENT CHEMICALS * 


Lamp 
Phosphor color 
Calcium tungstate ...... blue 
Magnesium tungstate ... blue-white 
Aime silicate Ns. green 


Calcium halophosphates.. white 

Cadmium silicate yellow-pink 

Cadmium borate ........ pink 

ря BaSi20s with 
b 


eo@eoeeeeeeeeee eevee 


* о е е ө ө « 


blue ultra 
Calcium phosphate with 
Ce and Mn 


* Data furnished by H. C. Froelich, of Nela Park. 
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Exciting Sensitivity Emitted 
fans pae ange, 
2200-3000 2720 3100-7000 
2200-3200 2850 3600-7200 
2200-2960 2537 4600-6400 
2000-2600 2500 3500-6800 
2200-3200 2400 4800-7400 
2200-3600 2500 5200-7500 
2200-2700 2500 3100-4100 
2200-3400 3130 5600-8100 

plus UV 


1 2200 A was lower limit of 


Emitted 
peak, 
A 


4400 
4800 
5250 
4800, 5800 
5950 
6150 


3500 
6500 


measurements. 
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110 ТАВІЕ 99.—CHARACTERISTICS OF SOME FLUORESCENT LAMPS * 
Dimensions, electrical data 
15 15 40 40 

Nominal lamp 

watts T 23352. 4 6 8 13 14 (T-8) (T-12) 20 25 30 (Т-12) (Т-17) 85 100 
Nom. length f.... 6" 97 127 5215 se 18" 18” 24” 33” 36” 428” 60” 60” 60” 
Diameter m UE. с P p в” 14” 1 13” 11" 1 k^ 1 14” 214 21” 21" 
Bülb 7. TS TS T-5 T-5 T-12 Т8 Т12%Г12 7-12 Т% 1-12 Т17 ТІ? ТЕЙ 
Lampamps$ ..... 125 .145 .16 .16 .395  .31 .33 .36 .52 .355 .42 .40 1.6 1.50 
Lamp volts $ 36 48 57 100 38 53 46 59 53 98 106 110 57 71 

Lumen output and brightness—4500 white lamps || 

О... а, 200 310 545 460 585 555 860 1380 2100 2100 4000 4000 
Lumens/watt ......-... 33 39 42 33 39 37 43 46 53 53 47 40 
Brightness: 

Footlamberts ......... 920 1760 1760 


2500 2770 2520 1310 1980 1250 1360 2120 1610 
Candles/in.? 5.5 6.1 5.6 2.9 4.4 2.8 3.0 4.7 3.6 2.0 3.9 39 


* о е ө Ф %Ф ө ө о 


4500 white slimline lamps for multiple operation 


Nominal Lamp Nominal Rec. min. Footlamberts Lumen 
length, Dim. current, lamp amp starting an output 
inches inches Bulb Ma watts volts voltage (candles/in.?) and lpw 

42 3 Т-6 120 18 175 450 1570(3.5) 990(55) 
200 25 150 2090(4.7) 1320(53) 
300 33 130 2570(5.7) 1620(49) 
64 3 Т-6 120 27.5 270 600 1580(3.5) 1570(57) 
200 39 230 2170(4.8) 2150(55) 
300 51 200 2620(5.8) 2600(57) 
72 1 Т-8 120 26 240 600 1200(2.7) 1590(61) 
200 38 220 1700(3.8) 2250(59) 
300 51 200 2200(4.9) 2850(56) 
96 1 Т-8 120 34 320 750 1200(2.7) 2100(62) 
200 51 295 1700(3.8) 3050 (60) 
300 69 265 2200(4.9) 3950(57) 


* Data taken from reports by General Electric Lamp Department and from reports by Sylvania Electric 
Products. f Add auxiliary watts for total. Nominal length includes the lamp and two standard lamp- 
holders. $ Approximate. || See Table 96. 


TABLE 100.—CHARACTERISTICS* OF TYPICAL PHOTOFLASH LAMPS 


о Е Я Е а 
n Б 22.2 ST 9 = h © 
E = mas м ы Eo Е = > 
2 а Ө8 of S32 Зе 8 52 TF 
a. 2.20 8 o. паса uis gg LEES И 
5 5% 85 ЕЕ 2. 53% ЗЕ 3 825 У 
= i p ET B” EY д е Ра = -— ва 
haste. Pe SM 3 6 7 472 .0% 3300 ВІ 2% 5.5.Вау 
ЗЕ 3-9 6 5 5.0 80 3400 812 22  S.C.Bay 
Медшт ........ 5 3 21 ШОИ 3800 ВИ 28 5.С.Вау 
Press 25 3-9 20 14 20 125 4000 812 23 5СВау 
0 3-125 20 14 20 12 4000 513 314 Medium 
11 21 13 30 18 3800 А15 4 Медшт 
Press 40 3-125 20 17 30 16 4000 А15  Á 31$ Medium 
22 3-125 21 14 63 40 3800 А19 5 Медшт 
Z 3-125 20 18 62 30 4000 A19 4} Medium 
Slow Sa E 50 3-125 30 17 9 50 380 А21 5% Мейит 
3 3-125 30 18 10 50 4000 А23 6% Мейит 
Focal plane ..... 6 3 Т 30 16 62 3800 ВІ 2%  5.С.Вау 
26 а С 0240 15 460 3800 22. ca ESSO 
31 3 53. 77 ІЗ 3800 А21 5$ Мейит 
2A 3-9 64 77 10 4000 А21 5$ Medium 
Blue for color 
photography .. 5B 3 21 13 75 .55 6000 ВІ 22 5.С.Вау 
Ргевв 258 3-9 20 14 80 50 6000 812 2% 5.С.Һау 
HUBIERE и 21 14 130 .82 6000 OM ы UU я 
Press 40B  ..... 20 17 14 75 ОЮ а. <<. SS. eR 
22B 3-125 21 14 29 18 6000 А19 5 Медшт 
2B 3-125 20 18 28 135 600 А19 14i Medium 
50B 3-125 30 17 43 23 6000 А21 5% Medium 
ЗВ 3-25 30 18 50 225 6000 А23 бӱ Мейит 


* The data given for the light and time characteristics and for the color temperature of the lamps are average 
values for a large number of lamps. Individual lamps may differ considerably from these averages. Prepared 
by Adelaide Easley, General Electric Lamp Division. t Milliseconds. 1 х 103, $ x 10$. 
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TABLE 101.—PHYSICAL AND ELECTRICAL CHARACTERISTICS OF FLASHTUBES 
AND FLASHLAMPS DESIGNED PRIMARILY FOR PHOTOGRAPHIC APPLICATIONS 





ЕСЕ SES ig. i 
Approx. helical 8 Е 4 " 529 ST 52% 
E E source dimen. rs 32 BEES ЕЕЕ ЕНЕ 
Е 5 ES (8: 5-5 ісек, БАКЕ 85: #55 
Е 5 y 5 ы 22 gog Босс EVES ET BEES 
5 E 5 к d А? 595 581258 GENS SEn 504 
FT-210.. T-10 IF  Octal 3-Pin 14” 1$" 2,000 200 7,000 25.0 300 200 
FT-214.. Т-12} Giant 5-Pin 14 1$ 2,000 200 7,000 25.0 300 200 
FT-220.. PAR-46  3-Scr. Term. 11 1% 2,000 200 7,000 25.0 300 200 
FT-403.. T-18 IF Large 3-Pin 1g 2% 2,000 480 18,000 45.0 475 350 
FT-503.. T-18 IF Large 3-Pin 1g 22 4,000 2,0001 100,000 150.0 700 550 
Махтит 
Flash- Bulb energy input Light duration Peak 
lamps t diameter Base watt-sec. Volts milli-sec lumens 
580452000 .......... 14” 4 Рап 100 2250-2850 .09- .19 40 million 
ПОПА . oann 21 4 Pin 600 б Е .27- .7 62 
в .......... 13 5 Рт 200 900-1000 27-12 30 
СОРОМ... 15 БРїп 300 2000-2500 .12- (6 45 
ИЕ та а ке i" Special 1000 2000-2850 2. -4. 35 
* Data furnished by L. R. Benjamin, General Electric Co., Nela Park, Cleveland, Ohio. 1 With approxi- 
mately 0.5 millihenry of inductance in series with each 100 microfarads of capacity. f Data taken from 
circular of Amglo Corporation, Chicago, Ill. 
TABLE 102.—COLOR OF LIGHT EMITTED BY VARIOUS SOURCES 
Color, Color, 
percent percent 
Source white Hue Source white Hue 
ПО ое Аа. 100 - N-filled tungsten, .50 wpc..... 45 584 
Average сЇеаг $Ку............ 60 472 N-filled tungsten, .35 wpc..... 53 584 
Б{апдага сапЧйЇе .............. 13 593 Mercury vapor агс............ 70 490 
Fleiner tamp -Seso ois 14 593 Helium tube и Е 32 598 
Pennekamp -sss «ен ке 15 592 Neon tube У 6 605 
Tungsten glow lamp, 1.25 wpc. 35 588 Crater of carbon arc, 1.8 amp.. 59 585 
Carbon glow lamp, 3.8 wpc.... 25 592 Crater of carbon arc, 3.2 amp.. 62 585 
Nernst glower, 1.50 wpc....... 31 587 Crater of carbon arc, 5.0 amp.. 67 583 
N-filled tungsten, 1.00 wpc..... 34 586 Acetylene flame (flat)......... 36 586 
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TABLES 1099 10.—COOLING" BY RADI SEIEN AND: CONV EC TION 


TABLE 103. —AT ORDINARY 
PRESSURES 


According to McFarlane the rate of loss of 
heat by a sphere placed in the center of a 
spherical enclosure which has a blackened 
surface, and is kept at a constant temperature 
of about 14? C, can be expressed by the 
equations 


е = .000238 + 3.06 X 10t — 2.6 x 10^, 
when the surface of the sphere is blackened. or 
е = .000168 + 1.98 х 107% — 1.7 Х 1078, 


when the suríace is that of polished copper. 
In these equations, e is the amount of heat 
lost in cgs units, that is, the quantity of heat, 
small calories, radiated per second per square 
centimeter of surface of the sphere, per de- 
gree difference of temperature f, and f is the 
difference of temperature between the sphere 
and the enclosure. The medium through 
which the heat passed was moist air. The 
following table gives the results. 


TABLE 104.—AT DIFFERENT 
PRESSURES 


Experiments made in Tait's Labora- 
tory show the effect of pressure of the 
enclosed air on the rate of loss of heat. 
In this case the air was dry and the 
enclosure kept at about 8°C. 


Polished surface Blackened surface 
rA 


t et t et 


Pressure 76 cmHg 


Differ- 

ence of Value of e 

temper- 

ature Polished Blackened 
t surface surface Ratio 
5 .000178 .000252 407 
10 .000186 .000266 .699 
15 .000193 .000279 .692 
20 .000201 .000289 .695 
25 .000207 .000298 .694 
30 .000212 .000306 .693 
35 ‚000217 000313 ‚693 
40 ‚000220 000319 ‚693 
45 000223 ‚000323 ‚690 
50 ‚000225 ‚000326 ‚690 
55 .000226 .000328 .690 
60 .000226 .000328 .690 
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63.8 .00987 61:2 .01746 
57:1 .00862 50.2 .01360 
50.5 „00736 41.6 ‚01078 
44.8 .00628 34.4 .00860 
40.5 .00562 27.3 .00640 
34.2 .00438 20.5 .00455 
29.6 .00378 -- — 

23.3 00278 — — 

18.6 00210 — — 

Pressure 10.2 cmHg 
67.8 .00492 62.5 .01298 
61.1 .00433 57.5 .01158 
55 .00383 532 .01048 
49.7 .00340 47.5 .00898 
44.9 .00302 43.0 .00791 
40.8 .00268 28.5 .00490 
Pressure 1 cmHg 

65 .00388 62.5 01182 
60 .00355 8725 01074 
50 ‚00286 54.2 01003 
40 ‚00219 41.7 00726 
30 00157 37.5 00639 
215 00124 34.0 00569 
— — 27.5 00446 
— — 24.2 00391 
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TABLE 105.—COOLING OF PLATINUM WIRE IN COPPER ENVELOPE 
Bottomley gives for the radiation of a bright platinum wire to a copper envelope when 
the space between is at the highest vacuum attainable the following numbers: 
t = 408° C, et = 378.8 X 10~*, temperature of enclosure 16° C. 
tee 505. C uer Ц, К a 176. 


It was found at this degree of exhaustion that considerable relative change of the vacuum 
produced very small change of the radiating power. The curve of relation between degree 
of vacuum and radiation becomes asymptotic for high exhaustions. The following table 
illustrates the variation of radiation with pressure of air in enclosure. 





Temp. of enclosure 16? C, t = 408° C Temp. of enclosure 17° C, t = 505° C 
cae a eat ee s 


Pressure in mm et Гы Шат: _ et 
740. 8137.0 x 10"! .094 1688.0 x 10* 
440. 792102 .053 125500 
140. 78790m: .034 1126.0 “ 

42. 7591.0 “ 013 9204 “ 
4. 6036.0 “ .0046 831.4 “ 
.444 2683.0 “ .00052 767.4 “ 
‚070 1045.0 “ .00019 746.4 “ 
034 7273 Ы Lowest reached 7261 “ 
012 5392 “ but not measured | 
„0051 436.4 “ 
00007 3788 “ 





TABLE 106.—EFFECT OF PRESSURE ON LOSS OF HEAT AT DIFFERENT 
TEMPERATURES 


The temperature of the enclosure was about 15°C. The numbers give the total 
radiation in calories per square centimeter per second. 


Pressure in mmHg 


Temp. of About 

wire in °C 10.0 1.0 125 2025 lu 
100 14 ІП 05 ‚01 ‚005 
200 fol ‚24 11 02 .0055 
300 .50 .38 .18 04 ‚0105 
400 75 .53 .25 .07 .025 
500 -- .69 KE 13 055 
600 — .85 .45 223 12 
700 - E -- „37 ‚24 
800 — -- -- ‚56 ‚40 
900 — — — — .61 


Note.—An interesting feature (because of its practical importance in electric lighting) 
is the effect of difference of surface condition on the radiation of heat. The energy 
required to keep up a certain degree of incandescence in a lamp when the filament 1s 
dull black and when it is “flashed” with coating of hard carbon, was found to be as follows: 


Dull black filament, 57.9 watts. 
Bright “ 39.8 watts. 
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114 TABLE 107.—CONDUCTION OF HEAT ACROSS AIR SPACES 
(ORDINARY TEMPERATURES) 


Loss of heat by air from surfaces takes place by radiation, conduction, and convection. 
The two latter are generally inextricably mixed. For horizontal air spaces, upper surface 
warm, the loss is all radiation and conduction; with warm lower suríace the loss is 
greater than for similar vertical space. 

Vertical spaces: The following table shows that for spaces of less than 1 cm width 
the loss is nearly proportional to the space width, when the radiation is allowed for; for 
greater widths the increase is less rapid, then reaches a maximum, and for yet greater 
widths is slightly less. 


Heat conduction and thermal resistances, radiation eliminated, air space 20 cm high 


Heat conduction Thermal resistance 


cal hr-! cm-! 9 C— -Reciprocal of conductance 

Air Temperature difference Temperature difference 
, ЕЕЕ Se аа. Е-Е 
PN 10? 15° 20° 25° 10° 15° 20° 25° 
5 46 ‚46 .46 .46 2-17 2.17 217 2.17 
1.0 .24 .24 .24 .24 4.25 4.20 4.15 4.10 
1.5 ‚160 2172 .182 .192 6.25 5.80 5.50 5.20 
2.0 ‚161 178 ‚200 217 6.20 5.60 5.00 4.60 
3.0 172 ‚196 ‚208 217 5.80 5.10 4.80 4.60 


Variation with height of air space: Max. thermal resistance — 4.0 at 1.4 cm air space, 10 cm high; 
6.0 at 1.6 cm, 20 cm high; 8.9 at 2.5 cm, 60 cm high. 


TABLE 108. —CONVECTION OF HEAT IN AIR AT ORDINARY 
TEMPERATURES * 


In very narrow layers of air between vertical surfaces at different temperatures the 
convection currents, in the main, flow up one side and down the other, with eddyless 
(streamline) motion. It follows that these currents transport heat to or from the sur- 
faces only when they turn and flow horizontally, from which fact it follows, in turn, 
that the convective heat transfer is independent of the height of the surface. It is, accord- 
ing to the laws of eddyless flow, proportional to the square of the temperature difference, 
and to the cube of the distance between the surfaces. As the flow becomes more rapid 
(e.g., for a 20° difference and a distance of 1.2 cm) turbulence enters, and the above 
relations begin to change. For the dimensions tested, convection in horizontal layers was 
a little over twice that in vertical. 


Heat transfer, in the usual cgs unit, i.e., calories per second per degree of thermal 
head per cm? of flat surface at 22.8» mean temperature 


Where two values are given, they show the range among determinations with different 
methods of getting the temperature of the outer plate. It will be seen that the value of the 
convection is practically unaffected by this difference of method. 


8 mm gap 12 mm gap 24 mm gap 
Thermal 
head Total Convection Total Convection Total Convection 
.99? — — .000 083 9 
0000848] — — 000 065 та 
1989 000 109 — 000 084 07 .000 000 1 — — 
' 110 .000 085 2 000 4 
o .000 086 6 .000 002 8 
4.95 .000 111 .000 001 | 98 1 003 7 .000 090 over .000 025 
o .000 112 .000 003 .000 093 7 .000 010 
9.89 113 003 95 2 000 011 .000 106 over .000 040 
o 000 1077 .000 024 
19.76 .000 116 .000 007 109 4 026 .000 126 over .000 060 


* See Table 80. 
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TABLE 109.—CONVECTION AND CONDUCTION OF HEAT BY GASES АТ 
HIGH TEMPERATURES 


The loss of heat from wires at high temperatures occurs as if by conduction across a 
thin film of stationary gas adhering to the wire (vertical and horizontal losses very 
similar). Thickness of film is apparently independent of temperature of wire, but probably 
increases with the temperature of the gas and varies with the diameter of the wire 
according to the formula b log (*/a) — 2B, where B — constant for any gas, b = diameter 
of film, a, of wire. The rate of convection (conduction) of heat is the product of two 
factors, one the shape factor, s, involving only a and B, the other a function $ of the 
heat conductivity of the gas. If W = the energy loss in watts/cm, then W = s($ — $1), 
s may be found from the relation 


T 
mr ғ В’ 6=419 | kdt, 


where k is the. heat conductivity of the gas at temperature T in calories/cm? C. 4»: is 
taken at the temperature T: of the wire, ¢, at that of the atmosphere. The following may 
be taken as the conductivities of the corresponding gases at high temperatures : 


For hydrogen n. & = 28 Х 10*УТ{(1 + .0002Т)/(1 + 77Т")} 
а... и. k — 4.6 x 10 *v T((1 4- .00027)/ (1 4- 124775j 
mercury vapor ... &—24 X 10 *v T(1/(1 4- 960T?)). 

To obtain the heat loss: B may be assumed proportional to the viscosity of the gas and 
inversely proportional to the density. For air [see Table 110 part 2] B may be taken as 
0.43 cm; for Hz, 3.05 cm; for Hg vapor as 0.078. Obtain s from Part 1 below from a/B; 
then WS Part 2 obtain ¢2 and ¢: for the proper temperatures; the loss will be s(¢2 — #1) 
in watts/cm. 


s ema qu 


Part 1.—s as function of a/B 











5 а/В 5 а/В 5 а/В 5 а/В 
0 0 5.0 453 10 1.696 30 7.738 
i5 ‚735 Хх 10° 55 525 12 2.263 52 8.370 
1.0 .584 x 10^? 6.0 .671 14 2.844 34 8.995 
№5 u25 x 105 6.5 .788 16 3.438 36 9.622 
2.0 Zio 107 7.0 .908 18 4.040 38 10.25 
2.5 .0644 15 1.032 20 4.645 40 10.87 
3.0 1176 8.0 1.160 22 5263 42 11.50 
25 ‚185 8.5 1.291 24 5.877 44 12.14 
4.0 .265 9.0 1.424 26 6.505 46 12.77 
4.5 .354 9.5 1.561 28 7.122 48 13.14 
5.0 .453 10.0 1.696 30 7.738 50 14.03 
Part 2.—Table of ¢ in watts per cm as function of absolute temp. (°K) 
T° K Н; Air Hg T° K н» Air Hg 
0 .0000 .0000 — 1500? 4.787 ‚744 1783 
100 ‚0329 0041 - 1700 5.945 931 .228 
200 .1294 .0168 — 1900 7.255 1.138 ‚2864 
300 ‚278 „0387 -- 2100 8.655 1.363 .345 
400 470 0669 — 2300 10.18 1.608 A11 
500 .700 1017 0165 2500 11,82 1.871 ‚481 
700 1.261 189 0356 2700 13.56 — .556 
900 1.961 .297 .0621 2900 15.54 — .636 
1100 2.787 .426 .0941 3100 17.42 -- 719 
1300 3.726 ‚576 ‚1333 3300 19.50 -- 807 
1500 4.787 .744 .1783 3500 21.79 — .898 
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116 TABLE 110.—HEAT LOSSES FROM INCANDESCENT FILAMENTS 


Part 1—Wires of platinum sponge served as radiators to room-temperature 


Diam- 
eter 
wire, 
cm 


.0690 
.0420 
.0275 
.0194 


.0690 
.0420 
.0275 
.0194 


.0690 
.0420 
.0275 
.0195 


.0420 
.0275 
.0195 


.0420 
.0275 
‚0195 


surroundings 


Observed heat losses in watts per cm 


Absolute temperatures 


900° 1000 1100? 1200? 1300° 1400° 1500? 1600? 1700* 1800* 1900? 2000* 
17001226 301 388 492 618 770 903 1215 15927 192502775 
1.35 175 226 2.84 353 429 533 660 825 1020 12:45 71455 
1.12 1.40 176 222 273 323 391 467 5/2 700 8.64 10.45 
92 1.15 139 ІЛ 212 254 304 364 432 510 610 7.35 

Heat losses corrected for radiation, watts per cm (A-C) 
91. 105 12 16 Ш5 ІЗІ ГА 166 200 220 24005420 
87 102 117 ІЗ 142 145 157 ЛЫ 208 2435 5280 0 
‚80 92 105 122 135-132 0146 150167 10772272440) 
‚70 81 89 103 115 123 131 140 147 151 164 1.88 

Computed radiation, watts per cm, e — 5.61 x 107? * 
79 121 1.78 252 »347 46/ «616 797 ТШ» 1277, 1585 1015 
48 73 109 153 211 284 374 484 617 7.77 9.65 11.85 
32 .48 .71 101 138 1.86 2.45 3.17 4.05 5.09 6.32 7.75 
22 .34 .50 71 97 1.31 173 224 285 3.9 446 5.47 
Conduction loss by silver leads, watts per cm 
.42 .46 .49 .61 75 88 100 107 113 1.22 
18 21 28 „35 ‚43 .48 55 .57 .60 67 — — 
.06 .08 .08 .09 41 12 .14 ‚15 22 23 
Convection loss by air, watts per cm 

45 .56 .68 ‚70 67 (54 59 69 95 1.21 
‚62 ‚71 77 87 ‚92 ‚89 91 93 1.07 124 - — 
‚64 73 81 94 1.04 111 117 125 129 1.30 


* This value is lower than the presently (1950) accepted value of 5.67. 


Part 2.—Wires of bright platinum 40-50 cm long served as radiators to surroundings 


Diam- 
eter 
wire, 
cm 


.0510 

.02508 
.01262 
.00691 
.00404 


.0510 

.02508 
.01262 
.00691 
.00404 


.0510 

.02508 
.01262 
.00691 
.00404 


.0510 
.02508 
.01262 
.00691 
.00404 
Means 


at 300° K 


Observed energy losses in watts per cm 


Absolute temperatures 


500° 700° ` 900° 1100° 1300° 1500° 
22 152 ‚90 1.42 2.03 2.89 
17 39 ‚68 1.02 1.45 2.00 
13 E 53 ‚79 1.11 1.46 
12 ‚29 48 712 99 1.33 
41 .24 41 ‚61 .84 1.14 
Energy radiated in watts per cm * 
.002 .013 .049 -137 323 .67 
001 .007 .024 .067 .159 З 
.001 .003 012 034 080 17 
‚000 .002 .007 .019 .044 .09 
.000 .001 .004 .011 .026 .05 
“Convection” losses in watts per cm 
22 .51 .85 1.28 1.71 202 
217 .38 .66 95 1.29 1.67 
13 ‚31 К 75 1.03 1.29 
12 ‚29 47 ‚70 ‚95 1.24 
‚11 24 41 .60 ‚81 1.09 
Thickness of theoretical conducting air film in cm 
.28 .30 520 "35 .36 57 35 
.30 24 .37 41 45 45 ‚51 
‚42 42 44 .49 .56 .69 .69 
ol we 38 40 43 47 38 
27 43 43 47 .56 47 40 
‚31 ‚37 .39 .42 ‚49 ‚49 47 


1700° 1900° 
4.10 5.65 
2.68 3.55 
1.95 2.71 
1.79 2.48 
1,54 2.13 
125 2.15 
‚62 1.06 
.31 253 
17 ‚29 
110 17 
2.85 3.50 
2.06 2.49 
1.64 2.18 
1.62 2.19 
1.44 1.96 
.36 Means .34 
56 43 
47 „54 
.26 37 
‚25 41 

.38 .431 


* Computed with o = 5.32, blackbody efficiency of platinum as follows (Lummer and Kurlbaum): 


492°К, .039; 654°, .060; 795°, 075: 11087. 112: 14819. „154; 1761°К, .180. 
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TABLE 111.—MELTING AND BOILING POINTS OF THE CHEMICAL ELEMENTS 


(Metals in boldface type are often used as standard melting points.) 





Symbol Melting Boiling Symbol Melting Boiling 
and point point and point point 
Element atomic No. ec с Element atomic No. °C ee 
Actinium ....... Ac 89 1197 Neodymium..... Nd 60 1024 
Aluminum ..... Al 13 660.1 2450 Neon ees aa Ne 10 — 248.9  — 246.08 
Antimony .....Sb 51 630.5 1637 Nickel ........ Ni 28 1453 2850 
боп ......... Ar 18 — 189.37 — 185.86 Niobium ....... Nb 41 2480 5000 
— din E As 33 817 613 Nitrogen ....... М 7 — 209.97 — 195.80 
Аза пе ........ At 85 Osmium ....... Os 76 2700 4400 
Barium ........ Ba 56 710 1637 Oxygen ........ О 8 — 21879 — 18297 
Beryllium ...... Be 4 1283 2480 Palladium ..... Pd 46 1557 3100 
Bismuth ........ Bi 83 271.3 1560 Phosphorus .P 15 44.2 280 
Esron .......... B 5 Platinum ...... Pt 78 1769 3800 
Bromine ....... Вг 35 — 7.20 59 Plutonium ...... Pu 94 639 
Sadmium ...... Cd 48 321.03 765 Polonium ...... Po 84 254 960 
B3lcium ........ Ca 20 850 1492 Potassium ...... K 19 63.2 766 
Merbon ......... С О Praseodymium ..Pr 59 935 3000 
Шепот ........ Се 58 804 2900 Promethium ....Pm 61 
Besium ......... Cs 55 28.64 685 Protactinium ...Pa 91 
Chlorine ....... CI 17 — 10099 — 34.06 Radium ........ Ra 88 700 
Chromium ...... Cr 24 1903 2640 Radon eee ae Rn 8 — 71 — 62 
Bobalt ........ Со 27 1492 3150 Rhenium ....... Re 75 3150 5600 
Copper ........ Cu 29 1083.0 2580 Rhodium ...... Rh 45 1960 3960 
Dysprosium ....Dy 66 1500 2300 Rubidium ...... Rb 37 38.8 701 
Brbium ........ Er 68 1500 2600 Ruthenium ..... Ru 44 2400 4000 
Europium ...... Eu 63 батас... Ѕт 62 1050 1600 
Fluorine ....... F 9 — 219.61 — 18844  Scandium ...... Sc 21 1400 3900 
Brancium ...... Fr 87 Selenium ....... Se 34 217.4 684.8 
Gadolinium ..... Gd 64 1420 Silicongm Si 14 1410 
Gallium ........ Ga 31 29.80 2240 Буе и iu 47 960.8 2190 
Germanium ..... Ge 32 938 2800 Sodium m Na 11 97.82 890 
ШИ .......... Ай 79 1063.0 2700 Strontium ...... Sr 38 770 1370 
Hafnium ....... Hi 7/2 2220 5200 Sulfur =e eee S 16 119 444 60 
Helium ........ He 2 26003 Tantalum 227 Ша 73 2980 5500 
Holmium ....... Но 67 1500 Десһпейит ....Тс 43 
Hydrogen ...... BEER INE 25010. 2226 Tellurium Же 52 450 990 
Indi Terbium ....... Tb 65 1450 
ШП ......... Іп 49 156.61 2000 | 
Iodi Thallium e ТІ 81 303.6 1460 
пе .......... 1 53 113.6 183 : 
Iridi Thorium e Тһ 90 1695 4250 
midium ....... І- /7 2443 х 
Ir Тао. Тт 69 1650 
ааа. Ее 26 1535 2900 Тіп Sn 50 231 9] 2600 
Krypton ORAT Kr 36 — 157.3 — 153.35 Tanin oS aa Ti 22 1675 3300 
Lanthanum ..... La -57 920 3370 Tungsten ...... М 4 3380 5500 
Lead .......... Pb 82 3273 190. тын 2222227 92 ПИЙ 4000 
Lithium ET. DM 180.55 1331 Vanad MEN UD 1890 3400 
Lutetium ....... Lu 71 1700 Xenon ......... Хе 54 — 125 ПЕ 
Magnesium .Mg 12 650 1120 Ytterbium ...... Yb 70 824 
Manganese ..... Mn 25 1244 2050 Yttrium ........ Y 39 
Mercury ....... Hg 80 — 38.87 350157 де... - Zn 30 419.50 908 
Molybdenum ...Mo 42 2610 Zirconium ...... Zr 40 1852 4400 
TABLE 112.—MELTING PARAMETERS OF ARGON 4 
Pressure, Melting dT Av Latent heat 
kg/cm? point dp (cm?/g) kg cal/g 
1 83.9° К. 0238 0795 280 
1,000 106.4 0211 0555 280 
2,000 126.3 0192 0425 279 
3,000 144,9 0178 0340 2/7 
4,000 161.9 0165 0280 275 
5,000 177.8 0155 ‚0240 276 
6,000 192.9 ‚0146 0210 277 


‘3 Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 70, p. 25, 1935. 
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TABLE 113.—MELTING TEMPERATURES IN °C FOR A NUMBER OF LIQUIDS AS A 
FUNCTION OF PRESSURE “ 





Pres- 
sure Ethyl 
kg/cm? alcohol 


0 —117.3°С 
5,000 — 76 
10,000 — 39 
15,000 — 5 
20,000 + 25 
25,000 54 
39,000 82 
35,000 109 
40,000 т 


n- But yl Ethyl n-Propyl Chloro- Carbon Chloro- 
alcohol bromide bromide form bisulfide benzene 
оС ПОС 1102 — 635°С —111.6°C — 452°C 
—33 — 70 — 56 + 10 — 51 + 25 
ЕС Шов „% 2 19! 
+49 + 5 + 34 +137 + 46 +130 
+80 + 34 + 71 +192 + 89 +166 
108 58 105 243 130 228 
132 80 138 170 

155 169 209 

A 197 os 


44 Bridgman, P. W., Journ. Phys. Chem., vol. 9, p. 795, 1941. 
* Second modification of the solid. 


TABLE 114.-VOLUME-PRESSURE RELATION FOR ARGON * 


Pres- 

sure 
kg/cm? +55°С +25°С 
700 — Bice 
800 E 
1,000 — 106 
1,300 Е р 
1,600 — 898 
2000 .880 846 
2,500 .831 .808 
3,500 .772 751 
4,500 ‚730 712 
5,500 .698 682 
6,000 .685 — 
10,000 .617 — 
12,000 „596 - 
15,000 1973 — 


0*C 
1,179 


1.105 
1.006 
920 
.864 
.818 
785 
733 
697 
669 


Volume, cm? 


—90°С --101.4%С --117%С 


687 
661 .656 
.641 .632 


.624 


о 


KI CX A I 


eA 
IINE ENIM 


Methylene 
chloride 


—96.7*C 


—46 
0 


--42 
4.82 
120 
157 


124 
697 
677 
.657 


Water 


—135.1°С -153.5°С —172°C 


690 


ЕКЕ 





* For reference, see footnote 43, p. 117. 


Pressure 
kg/cm? 
p 

1 
1,000 





TABLE 115.—MELTING PARAMETERS OF NITROGEN * 


———MM—M——————Ó—M——— € — € A Pr 


Melting 
point 
63.22 K 
82.3 
98.6 

113.0 

125.8 

137.8 

149.2 


* For reference, see footnote 43, p. 117. 
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dT 
dp 


Latent heat 
kg cal/g 


218 
271 
302 
334 
335 
342 
346 


TABLE 116.—VOLUME-PRESSURE RELATION 


Pressure 


kg /cm? 
3,000 
4,000 
5,000 
6,000 


+23.5°С 
1.2374 
1.1615 
1.1061 
1.0652 


0°С 


Volume, cm? 


1.2069 
1.1391 
1.0870 
1.0487 


FOR NITROGEN* 119 
—50°C —100°C —140°C 
1.1422 1.0754 1.0226 
1.0881 1.0327 9876 
1.0451 9997 9613 
1.0117 9729 9412 





* For reference, see footnote 43, p. 117. 


TABLE 117.—EFFECT OF PRESSURE ON 


Substance 


* At (observed) for 10,000 kg/cm? 15 50.8?. 
Bi at 218.3°; Pb at 644°. 


4“ече4%.%ЖЖтаеевееев 


*э® • • • ө ө ө е ө er ee eee 


00 ооо оо оо оо а ео о о оь 


€ * ө е «с ө * 9 ө Ф ө ө ә ә ө о € 


e • • * ө ө • с * 49 * ө ә * о € 


• . • • • ө е е ө ө ө ө « е ө о @ 


Melting point 
at 1 kg/cm? 


8, 3594; 18, 3572; 28, 3564. 


—38.85 


Highest 


experimental 


pressure 
kg/cm? 


12,000 
2,800 
12,000 
12,000 
2,000 
2,000 
2,000 
2,000 


MELTING POINT 


dt/dp At (observed) 

at 1 kg/cm2 for 1000 kg/cm? 
‚00511 Ss 
.0136 13.8 
.00860 +12.3 F 

— 00342 -- 35% 
00317 3-17 

—.00344 — 344 
.00609 6.09 
.00777 7.77 


t Na melts at 177.5? at 12,000 kg/cm?; K at 179.69; 


Luckey obtains melting point for tungsten as follows: 


1 atm, 3623°K; 


TABLE 118.—EFFECT OF PRESSURE ON FREEZING OF WATER * 


Pressure kg/cm? 


1 


1,000 
2,000 
2,115 
3,000 
3,530 
4,000 
6,000 
6,380 
8,000 
12,000 
16,000 
20,000 


Freezing point 


0 

— 88 
—20.15 
— 22.0 
— 18.40 
--17.0 
—13.7 
— 1.6 
+ .16 
12.8 
37.9 
972 
73.6 


* For reference, see footnote 43, p. 117. 


Metal 


Phases in equilibrium 

Ice I—liquid 

Ice I—liquid 

Ice I—liquid 

Ice I—ice III—liquid (triple point) 
Ice ІП--Паша 

Ice III—ice V—liquid (triple point) 
Ice V—liquid 

Ice V—liquid 

Ice V—ice VI—liquid (triple point) 
Ice VI—liquid 

Ice VI—liquid 

Ice VI—liquid 

Ice VI—liquid 


TABLE 119—EFFECT OF PRESSURE ON BOILING POINT 


Pressure 


... 10.2 стНе 
. 25.7 cmHg 


6.3 atm 


| | | 11.7 atm 
... 16.5atm 
. 10.3 cmHg 


“Є 
1200 
1310 
1740 
1950 
2060 
1660 


Metal 
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Pressure 


io. 20-0 СИНЕ 
.. 10.0cmHg 
.. 25.7 cmHg 
„(АОЛ ет те 
.. 26.2 cmHg 

. 10.5 cmHg 


* © Мега! Pressure sc 

1780 Pb .. 20.6cmHg 1410 
1980 Pb .. б.дайнп 1870 
2180 Pb .. 1l.7atm 2100 
1970 Zn .. 117atm 1230 
2100 Zn ..2L5atm 1280 
1315 Zn .. 53.0atm 1510 
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TABLE 120.—DENSITIES AND MELTING AND BOILING POINTS OF 
INORGANIC COMPOUNDS * 


Density 
about 
Substance Chemical formula 20%С 
Aluminum chloride ....... АТЕЛИЕ... 2.44 
nitrate v ses AI (NO), 4 9H;O mn 
oxide eese АЉО; ее о 4.00 
ZUnmonia ...... 0 NIE C ees б» 
Ammonium nitrate ....... МЕС О. 1072 
рһосрһҺие .... МНЕРО: ......... T 
sulfate. ШЕ (Но... 12727 
Antimony pentachloride .. SbCh ............... 2739 
trichloride ..... oc WR OMNEM 3.14 
Arsenic hydride .......... АЗН. Е... К 
trichloride ....... СОЛЕ. И 2.20 
Barium chloride ......... Басы ТЕ... 3.86 
MAE eee e Вам О Јени... 3.24 
perchlorate ....... Васо о... M. 
Bismuth trichloride....... БСБ м. ..... 4.75 
Boniceacid ...... со n. Н ВО S... 1.46 
anhydride v eR Te. В.О: I TL e 1.79 
Borax (sodium borate) M Na BOr 2.36 
Cadmium chloride ....... ЕОС. З... 4.05 
Nitrate ... eee. Са(мо,); + 46,0 ЕК2 45 
Calcium chloride... СС е... 2.26 
chloride es CaCl + 6Н›О ....... 1.68 
nitrate 1557... Ca NOD 22222... 2.36 
асе m Са(МО:), + 4Н.Оа 1.82 
Oxide sosise: ki ClO TEE cee ss 3.40 
Carbon tetrachloride ..... C aa i 1.59 
dioxide с. ts М СИБИ и, 
disulfide: aus. . cante | — — есь: 126 
monoxide ........ О а. Тт 
trichloride ....... GOD ONE S I eene 1.63 
Chloric (per) acid........ ПСО. 1.764 
Chlorine dioxide ......... О И а... ae 
Chrome alum <... ges. oe КСг($О.). + 12Н.О .. 1.83 
nitrate 22... Со (МО 4-18H;O .. ... 
Chromium oxide ......... СОНИ... 5.21 
Cobalt ате ....-- 9 Cons Ше d. 3.710 
Cupric chloride .......... ПОЕ а... 3.05 
Nitrate ня CU NOS, +3 H:O es 
Cuprous chloride ......... Quid. |) о сс.е 3.7 
Hydrogen bromide ....... а оГ У 
chloride DESI E in Ee 
fluoride ....... П а .99 
iodide ... ЖОО П оао ат М 
peroxide ....... EEG eese 1.5 
phosphide ..... ССИ ee ese OR 
sulfide КОЛЛЕК КК кж» H:S о тз ск ук+ 308 
Ironschloride и. Реп БЕНИ EE 2.80 
пита бели s c.n Fe ae + 9 Н.О mE E oS 
sulfate S 24 0 Без ОДРА ЊО ees 1.90 
Lead chloride ===. PDC EET SS 5.8 
Magnesium chloride ...... о 2.18 
oxide ..— Мек... Кр... 3.4 
nüfdte ..... Me(NO, )» n 6H;O ... 1.46 
ца... о. Мезб Е... 2.66 
Manganese chloride ...... MnCl. Ш АННО... 2.01 
Nitrate se... Mn N): 46G H:O... 182 
sulfate ....... Mus И... 3:25 
Mercuric chloride ........ Не бр cO ae as 5.42 
* Prepared by F. C. Kracek, Geophysical Laboratory, 
t Decomposes. t At 2.5 atm pressure. § At 5.2 atm pressure. 
(continued) 
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Melting Boiling 
point, ^C . point, *C 
190 1 182.7 
70.0 1341 
2050 2580 
— 77.7 — 33.35 
169.6 2101 
123 1451 
146.91 E 
2.8 140 
73.4 223 
—113.5 — 548 
В 130.2 


962 1560 
592 DU 
505 M 
232.9 447 
185 Ee 
450 m 
741 15701 
561 бе 


59.5 
774.0 Em 
29.6 200 
561 ae 
42.3 ee 
2570 2850 
— 24 76.7 
— 56.68 — 785 
—111.6 46.2 
—207 --192 
184 185 
--112 391 
— 59 D 
80 “ae 
37 170 
1990 ae 
989 
498 f 
114.5 1701 
421 1306 = 
— 88.5 — 67.0 
—111.3 — 83.7 
= 924 19.4 
-- 508 -- 357 
— 2 15221 
133.5 - 874 
-- 829 -- 62 
282 315 
47.2 t 
64 i 
501 950+ 
708 1412 
2800 Ze 
100 t 
1124 t T 
58 t 
26 1291 
700 8501 
276 302 


Pressure 
mmHg 


752 
53 
760 


68 
760 
760 
760 
760 


760 


760 
subl. 
760 
760 
56 
731 
760 


760 
760 
760 
755 
755 
760 

47 


760 
760 


760 
760 


Carnegie Institution of Washington. 
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TABLE 120.—DENSITIES AND MELTING AND BOILING POINTS OF 
INORGANIC COMPOUNDS (concluded) 


Density 
about Melting 
Substance Chemical formula 20°C point, С 
Mercurous chloride ....... Те С РАР ИГ. 7-10 302 
Nickel carbonyl ......... MGO Т... Tor S= 
nitrate c. T Ni((NO» --6 H5O ... 2.05 56.7 
oxide ONES IIO olor. 6.69 2090 
Nitric acid Е ЕМО 0.0... 1.502 -- 42 
anhydride 52222222. N20; ее 1.64 30 
ОШО 222222 О es ... . A163.6 
Deroxide „......... BIO. US... S 149 — 93 
Nitrous anhydride ....... Ол E... TT 1.45 | —102 
Oxide Se... sas О о. Ея ... —]1024 
Phosphoric acid (Ortho)... HaPOs 93... 2. 1.83 42.45 
Phospiorous acid ........ TEPOS о ЕТЕ 1.65 73.6 
disulfide ..... OO" г e 298 
Osvemloride ЕРОС К СЕ 1.68 1:3 
pentasulhde WES: ее. 2.03 2/6 
trichloride -e PCCh а е. 157 — 91 
ОЕ о о... лье. 2.03 1725 
Potassium аста рћозрћа(је.. КЊРО, ............. 2.34 252.61 
carbonate ..... COTE и. 2.43 891 
chlorate... 58 КОШЕ X... 2.34 368.4 
chloride Ў COL т 1.99 776 
сһгота{е ..... кост a. ss so 272 968.3 
сула... ШЫ ОМ... №... 152 634 
dichromate EEG CrOm o а... .«.« и... 2.69 398 
hydroxide ..... ОН Ve E... 2.04 360 
mitra e ea та КОЧО VV I dE. 2 2.10 334 
perchlorate ССО ос... 2572 610 
suliate, 9 ко Ж м. 2.66 1076 
Sulbemehtorde ..55..... лде Те” 5.56 455 
ишга ет н уы ВО... E 4.35 212 
perchlorate ........ QO), (ere. e 291 486 1 
pllasbhate 2...4 ПОРО... 6.37 849 
metaphosphate ..... горо. №... №... m 482 
ова Кес | wees a caer о. 5.45 652 
Sodium carbonate ........ Na NE КАЕ 2:51 851 
chlorate E ea NaClO Ж вани: 2.48 248 
chloride о. маст 7... м 2.17 801 
hydroxide ....... ПАО Е... ы 2:15 318 
hyposulfite ....... Ма ОРАО ал E 922! 
metaphosphate .5МаРО„ „Ж ,......%... 2.18 640 
пыга e uo vut MNO: ы... 2.26 310 
регсһїога{е ...... МасО О ...... Ж... 2:50 4821 
mycomiospnate |... Ма,Р›О@......... 5... 2.45 880 
НС я а е 2.67 884 
саге и М№Ма:50, + 10 Н.О 1.46 32.88 
tetraborate ....... маво Е 2.56 741 
С ое ое... SOS See E e. — 7247 
trioxide 2-2... ЅОа NES 1.91 16.8 
Suliurieedeid 222... Н;5О ЖЕ и 1.83 10.5 
ded с... ILSQ,TIbBO ..... 1.79 8.61 
ӘНШ (ола) === Е.О... 1.89 35 
Tin, stannie chloride ..... ее И. 223 -- 33 
Stannous chionide ....0SnCl, 36e. er es 3.39(245°)246 
КТ 72 ГО... 0.998 0 
ис сое... з... ГАПОИ ТОЕ EE — 2.91 262 
ШТ ellos Zn(N 3)2 + 6 Н.О E... 206 36.41 
Sulle ............. 2150, +7 Њ,0 ....... 1.97 391 


|| At 10.5 mmHg pressure. 
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Boiling 
point, °C 
384 
43 
126027! 
86 _ 
481 


—151.8 
210591 


+ 
subl. 


1100 


3801 
1 


D 
1570 
— 10 

44.9 


338 t 
= | 


114 
623 
100 
732 
131 

+ 


Ргеззиге 
mmHg 


760 
760 
760 
760 
760 
760 
760 
760 
760 
760 
760 


750 
760 


760 


760 
760 


760 
760 
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TABLE 121.—DENSITIES AND MELTING AND BOILING POINTS OF 
ORGANIC COMPOUNDS 





Pressure 1 atm 


Melting Boiling unless 
Chemical Density Temp. point point otherwise 
Substance formula g/cm? 2¢ ac т stated 


Paraffin series: C,Hz.; Normal compounds only 


МеШапе 8.2... өзге Те 415 —164 — 184 —161.4 
Ее ............ CHo .546 — 88 *—1720 — 883 
Propane и е... СН ЗЕ .595 — 44 —1899 -- 42.0 
Butane . 2.2... СП 2 .6011 0 — 135.0 + 6 
рел те ОШ ...... (СНЕ. ‚631 20 —138.0 + 36.2 
Нехәпе ......... На... .660 20 — 94.3 69.0 
Нерїапе 22....... СН 2... ‚684 20 — 90.0 98.4 
Оспе Е. CP P... .704 17 -- 56.5 124.6 
Мопапе ла... Cot op: eects 718 20 — 53 150.6 
Decane a anses Cio Hz > .747 20 — 32.0 174 
Indecane $e... see Cul... ‚741 20 0005 197 
Dodecane .......... СН 22... ‚768 20 21? 216 
] наесапе ......... СаН» ва ава 257 20 31052 234 
Tetradecane ....... САН... 705 20 + 525 252.5 
Pentadecane ....... (БН me... 772 20 + 10 270.5 
Hexadecane ....... CURES... 775 20 20 287.5 
Heptadecane ....... БН... .778 20 225 303 
Octadecane ........ CIS... 777 20 28 317 
Мопайесапе 2..... Но. 77] 32 32 330 
Beicosane: games... te Сан. .778 37 38 205 15 mmHg 
Heneicosane ....... CoH aP с. > 779 45 40.4 215 15 mmHg 
Docosane 2... СН. .778 44 44.4 2245 15 mmHg 
Ттїсозапе КЕШ ....... XII. ‚779 48 47.7 320.7 
Tetracosane ....... GHI... .779 61 54 324 
Pentacosane ....... CXII... .779 20 54 284 40 mmHg 
Hexacosane ....... БАНЫ... .779 20 60 296 40 mmHg 
Heptacosane т ..... Gsm... .779 60 59.5 270 15 mmHg 
Octacosane ........ euam... .779 20 65 318 40 mmHg 
Марасозапе  ....... ОНЫ 22... ‚780 20 63.6 348 40 mmHg 
Tipiacontanet . .. s.s БІН esu. ‚780 20 70 235 1.0 mmHg 
Hentriacontane 2... м ess... ‚781 68 68.1 302 15 mmHg 
Dotriacontane ..... OF 775 79 75 310 15 mmHg 
Tetratriacontane ... CuHs ....... ‚781 20 76.5 255 1.0 mmHg 
Pentatriacontane ... CsHs ....... .782 78 74.7 331 15 mmHg 
Hexatriacontane ... СиНц ....... .782 76 76.5 265 1.0 mmHg 
Olefines or the Ethylene series: C4Hz.. Normal compounds only 
Ethylene GILT... .566 —102 —169.4  —103.8 
Propylene ......... ШН... .609 — 47 —185.2 — 47.0 
Bntvlene $0. ese. ile wees. 1639 -- 13,5 
Amylene- о. БН... 651 20 --139 + 36.4 
Heylens TE. GI 5... .67 0 — 98 69 
Heptylene ......... ИН... ‚703 20 == 0 96-99 
ое .......... ео po 17 104 123 
iNonylene 2......... СӘН ЖЕ... 73 15 149.9 
Decylene осооосоооо С.Н» ЕС: ‚763 0 — 87 172 
Undecylene ........ С.Н. .763 20 193 
Dodecylene ........ Cola m. ‚762 15 — 31.5 96 15 mmHg 
"Tisidecylene —. ...... СЫН. ‚80 0 232.7 
Tetradecylene ...... Са Ни ин 775 20 — 12 246 
Pentadecylene ...... Cal TER .814 247 
Hexadecylene ...... СН ЖОО: ‚789 20 + 4 274 
Octadecylene ...... СН КЕС: 791 20 + 19 179 15 mmHg 
Eicosylene ......... СОН 871 0 395 
Cerotene 2......... (SII. 58 
Melene TREE E a Сз Н во 5522526. .890 20 63 380 
( continued) 
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TABLE 121.—DENSITIES AND MELTING AND BOILING POINTS OF 


Melting Boiling 
Chemical Density Temp. point point 
Substance formula g/cm? °С EC "€ 
Acetylene series: CnaHon-2. Normal compounds only 
Acetylene ......... ШН. 5507 158 613 — 80 — 81.8 — 83.6 
Allylene ........... CH, TE LL 660 — 13 —1047 — 27.5 
Ethylacetylene ..... СН Е 668 0 —130 + 18.5 
Propylacetylene .... С.Н, ........ . 722 0 — 95 + 40 
Butylacetylene ..... Сор 22 --150 71.5 
Amylacetylene ..... СІ. Т 738 13 — 70 110.5 
Нехујасег епе. .... СН, ........ 770 0 125 
Undecylidene ...... 219 
Dodecylidene ...... .810 — 9 — 105 
Tetradecylidene .... .806 + 65 + 6.5 134 
Hexadecylidene .... .804 20 2 160 
Octadecylidene ..... .802 30 30 184 
Monatomic alcohols: C,Hz,;OH. Normal compounds only 
Methyl alcohol ..... ОН-ОН”... 792 20 — 97.8 64.5 
Ethyl alcohol ...... QH;OH ..... 789 20 —117.3 78.5 
Propyl alcohol ..... ебе |... . 804 20 —127 97.8 
Butyl alcohol ...... НО. 810 20 — 89.8 117.7 
Amyl alcohol ...... СНаон .... .817 20 — 78.5 137.9 
Hexyl alcohol ..... СН.ОН 3 820 20 — 51.6 155.8 
Heptyl alcohol ..... СНОН .... . 817 22 — 34.6 175.8 
Octyl alcohol ....... САН«ОН .... .827 20 — 16.3 194 
Nonyl alcohol ...... о Бо ОР 828 20 — 5 215 
Decyl alcohol ...... СоНаон .829 20 + 7 231 
Undecyl alcohol .... Cu HOH 833 20 + 19 146 
Dodecy! alcohol .... C2H»OH 831 20 24 259 
Tridecy! alcohol .... СзНаОН 822 31 30.5 156 
Теггадесу! а1соћо] .. СаН»он ‚824 38 38 167 
Pentadecyl alcohol .. C4H4OH 46 
Cetyl alcohol ...... С«НаОН ‚798 79 49.3 344 
Octadecyl alcohol .. C&4Ha4OH ... .812 59 58.5 210.5 
Alcoholic ethers: CnaHen+20 
Dimethyl ether ..... СНО С 6606 20 —138 -- 24,9 
Diethyl ether ...... СН О onm ‚714 20 — 116.3 + 34.5 
Dipropyl ether ..... СО ым. 447 20 —122 89 
Di-n-butyl ether ... CsHisO ...... .769 20 149 
Di-sec-butyl ether .. Ж .756 21 121 
Di-iso-butyl ether .. » .762 20 122.5 
Diamyl ether ...... Сено <. 774 20 190 
Di-iso-amyl ether .. К .783 12 1722 
Dihexyl ether ...... CuHsO ..... 208.8 
Diheptyl ether ..... СНО... 5 815 0 260 
Dioctyl ether ....... СНО НЕ. и 820 0 291,8 
Ethyl ethers: CnHons2O 
Ethyl-methyl ...... GHO ЕМ ЈЕ 73 20 7.9 
“ -propyl ....... СНО .747 20 <- 79 61.4 
“ -isopropyl s 745 0 54 
“en. butyl ...... СНао ...... 252 20 91.4 
" -iso-butyl ..... $ ‚751 20 80 
" -iso-amyl ..... СЕО .764 18 112 
“en. hexyl ..... СЕО .63 137 
“ -n. heptyl ..... Бы soea 790 16 166.6 
п octyl T БІН 222 794 17 183 
(continued) 


ORGANIC COMPOUNDS (continued) 
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Pressure 1 atm 
unless 
otherwise 
stated 


30 mmHg 


15 mmHg 
15 mmHg 


15 mmHg 


B—123.3 b. pt. 
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TABLE 121.—DENSITIES AND MELTING AND BOILING POINTS OF 


Miscellaneous 
Density and 
temperature 
Chemical EE 
Substance formula coo 
Acetic acid о сан СЕЕ ООН 222. ак 1.115 0 
Ассюпё .............. GHSGOCIT ... №. .792 0 
АМ оНуде _............. СО. Ш... № .783 0 
AMINE eesse eere erone gon DES. CENE 1.038 0 
есета ло m ED OO TER S 96+ 
Benzene ж ә эсе е а е ака о э е С.Н, ото ‚879 20 
Beuzole acid у.е. СО. о са ae 1.293 - 
Benzophenone ........ ССОО з, 1.090 50 
DCN з... ез» зле о, S. ЕЕ ‚90 EM 
(САШРПОГ ............. CullaO0O e №... ... .99 10 
(ас аса ......... ОШОН ШИ 2. 1.060 21 
Carbon bisulfide ...... С. о... 1.292 0 
ietrachloride ‚СОО E CP... s 1.582 21 
Chlorobenzene ........ CHAHO а .. 1.111 15 
ӘН... САС Е, 1.4989 15 
Суашонен 22222222... СОК E. s cess ЕТ 
Ethyl) bromide ........ lee, a. oe 1.45 15 
enloride ........ C56 а... .918 8 
ether -on Eanus. CHOT. wE. n ees .716 0 
к ШЫ... НЫ, NE eve 1.944 14 
Бокс аса... ЕСООН С ..... 555, 1.242 0 
а. оао IE. oS 68 
ССО иеа СНО(НСОН).СН.ОН .. 1.56 К: 
(ее ао CHO. wM... 2 1.269 0 
Јода о... «са» + СНЕ „ЛЕ... . 1 4.01 25 
Lame S... E. I.e E... Ue .90 
Methyl chloride ....... GEECI 2E... 0 се 0992 —2 
iodide ........ ЕИ... 2.285 15 
Naphthalene .......... ЕНТ... 1.152 15 
Nütrobenzene ......... CHON w e. 1.212 7.5 
Китавіксетіпе ........ О М... ле, .60 
Oisomargatie ..... № ОШ 1%; с .92-.93 20 
О О о esse 92 
(IC acid ........... СаЕЗОСӘН”........... 1.68 
pantunawax soft... 52 E. eed T 
В. В... a NE 
РутоваПо 2-2... (АБАС ОНЕ. с. с. тенк 1.46 40 
Зрептасен з. ш О... ш. .95 15 
ате е СеО Е... 1.56 
Steanine ........... (С«Н»О:):С3Н; Van ENS RS 925 65 
Зла сапе == == CHOT ИЕ... оса 1.588 20 
ТА. beet о ее: .94 15 
пи бол о СИН ИН. соса о ‚94 15 
Тапапс аса 2. CIE ТН. Г 1.754 кы 
Toluene sises.. СЕЕ ОРЕВ 822 0 
ее (о... СЕВ... m 863 20 
(її) ат (СШ СОН cs. oc ae 864 20 
(p) ое С‹Н.(СН:з). очень 861 20 


ORGANIC COMPOUNDS (concluded) 
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Melting Boiling 


point point 
16.7 118.5 
-- 94.6 56.1 
--124 20.8 
— 6 183.9 
62 e 
5.48 80.2 
12) 249 
48 305.9 
25 TR 
176 209 
41 182 
--108 46.2 
-- 28 76.7 
— 132 
-- 63.3 61.2 
— 35 —21 
--117 38.4 
--141.6 12 
--116 34.6 
108 72 
8.6 100.8 
cm 70-90 
146 M 
17 290 
119 T 
2055 TE 
— 98 —24.1 
— 64 42.3 
80 218 
5 211 
d T 
35-38 


20+ 300+ 
35-52 350-390 


52-56 390-430 

139 293 

45+ ud 

none 

71 

160 

27-38 

32-41 

170 ae 
— 92 110.31 
— 28 142 

54 140 

15 138 


TABLE 122.—MELTING POINT OF MIXTURES OF METALS 


Metals 


. өзе» 


Melting points, 


С 


Percentage of metal in second column 


30 


29981. 270. “2,2 
290 — — 
710 790 880 
460 | 545 590 
360 420 400 
870 920 925 
290 — 275 20 
750 840 925 
630 600 560 
675 740 800 
625 615 600 
640 620 600 
860 1015 1110 
645 635 625 
610 590 55 
595 М0 545 
600 570 525 
555 510 540 
1380 1290 1200 
425 520 590 
125 185 245 
420 520 610 
300 285 270 
280 270 295 
9107 T 890 805 
1062 1061 1058 
1125 1190 1250 
17.5 —10 —3.5 
133 165 188 
1180 1240 1290 
1035 990 945 
1005 890 755 
1040 995 930 
850 755 705 
870 750 630 
90 80 70 


40 


50 60 


240 220 190 
179 145 1% 
917 760 600 
620 650 705 
370 1330990290 
945 | 950 955 
395 440 490 
945 950 970 
540 580 610 
855 ІРУ) 
590 580 575 
580 560 530 
1145 1145 1220 
620 605 590 
555 540 520 
520 500 505 
480 430 395 
570 565 540 
1235 1290 1305 
645 690 720 
285 722200 520 
700 760 805 
262 258 245 
313 327 340 
905 925 975 
1054 1049 1039 
1320 1380 1455 

5 11 26 

— 90 110 
205. 215072720) 
1320 1335 1380 
910 870 830 
725 680 630 
900 880 820 
690 660 630 
5500 495 450 

60 45 22 


70 


185 
168 
480 
775 
250 
985 
525 


TABLE 123.—MELTING POINT °С ОЕ LOW-MELTING-POINT ALLOYS * 


Tin 


Solidification at .... 


9 э 9» e » ® ә е ® эе ө э ө » 


• . ^ ө 9 ө 9 bh 9 9 * 


o 9o 9 е ә њ à 9 o 


• 9 9 9 9 we * * ө * 


* See Tabie 201. 
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ШО 
14.3 
25.1 
50.4 


y 


25.8 
19.8 
54.4 


101° 


25.0 
15.0 
60.0 


125° 


Percent 


13.1 
13.8 
24.3 
48.8 


К 58.55 


43.0 
14.0 
43.0 


128° 


GZ 7.1 6.7 

DE = = 
344 397 434 
500 532 499 
20:39 80:59. 95* 

Percent 

2928 107 500 
22272227: ,330 
333 5027 0 
145° 148° 161° 


959 
SO 
121 


181° 


20.0 
60.0 
20.0 


182° 


70.9 

9.1 
20.0 
234° 


126 TABLE 124.—REVERSIBLE TRANSITIONS IN CRYSTALS * 


Values are given, for the more important crystals, of the inversion temperature in °C, 
the heat of inversion in cal/g and the inversion volume change in cm?/g. No monotropic 
inversions have been included. 

hi, inversion temperature on heating; m, metastable inversion temperature; e, estimated ; 
g, gradual inversion (not to be confused with slow retarded inversions). 


Transition 
Transition volume 
Transition Pressure heat change 
Substance Phases РС авт cal/g cm?/g 
AUI EE ее. TH 158 
е е A E 3 E Vm ae 
AgI ЕСС І-П | 09.4 2720 4.95 0101 
I-III 99.4 2720 4.22 .0140 
II-III 99.4 2720 .76 .0241 
ее. 5 175 ES. 3.85 M 
[cn E T ЈА 133 Бате 5.65 
Ag:SO, ЕК КК вс woe s e 412 .... Goao T 
АСЮ С... zm 159.5 Ма 2:27 0025 
А1Вгз 558 оозаб со вас о 252% 70 “ә е оосо ...4 
AGNI ITE. eee. ran АН 275 Eos 6 
AUS NET ILI aee red-black 267 E „ЖЕ 
hne. CNRC TTE red-yellow 170 и 
БЕ... Е m 704 t e 
Ва c NE... ...... 924 es 
lige MEC NEMO. 284 ee 
Вазо, М... 1149 He 
puo. И... 811 & 982 Ec 
За 2.2222... 222 ooooc == 560€ 
о 6 — 212.8 5.4 
GENE SL LR liest d --252.7 1.15 
(ОНИ oeiee. , а 6 - >: 227; 
-- 48, 3 026% 
ССІ, +«»* ов о» з ө ө ө ө ө э ө ө ө ө « I-II 115 8460 9.8 .0173 
П-ПІ 115 8460 9 .0054 
І-ПІ 1 2 8460 109 s 
: 1 : : 
CBr, ее с о ее ос си І-П 1126 2110 4.58 .0150 
I-III 112.6 2110 25 ‚0029 
II-III 112.6 2110 4.66 ‚0121 
ӘНІ? Т. L-I-II 8.6 180 GM ONE 
L-II-III 42.8 1930 
I-II-IV 9.4 325 
II-III-IV 38 1825 Ке” ае 
СЕО. peer І-П 102.3 6535 2.34 „0480 
(Urea) I-III 102.3 6535 10.14 .0486 
II-III ОЈ 22 б к о 
СН:СООН ооо L-I 55.7 2033 46.4 0862 
L-II 957 2033 48.2 .0992 
I-II 55.7 2033 1.85 .0130 
CEHEBSCGONEFS ....- КЕ L-I 127 5220 60.9 .0319 
( Acetamide) L-II 127 5220 58.5 .0649 
I-II 127 5220 2.41 .0330 
ОО я 1-П — 140 (о —150 .... <5 M 
CEOs нл горива І-П 71.1 1 6.93 0280 
(Perchlor ethane) II-III 42.7 1 2.63 „0097 
C:H:NO: (Urethane) ... L-I { 222 ЖОЙ, d (222 
M (62 20 559 0355 
76.8 4090 34,4 0184 
L-III 76.8 4090 40.6 .0640 
m ( 66.2 2270 2.07 0102 
23505 3290 1.64 .0092 
ШЕН! f 768 40m 6.12 0456 
25.5 3290 5.50 ‚0482 
I-III 258 3290 3.87 .0574 


8: ые by F. C. Kracek, Geophysical Laboratory, Carnegie Institution. All other footnotes at end 
of table. 
(continucd ) 
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TABLE 124.—REVERSIBLE TRANSITIONS IN CRYSTALS (continued) 


Transition 
Transition volume 
Transition Pressure heat change 
Substance Phases РС atm cal/g cm3/g 
СӘН ГЕепгепе) ........ І-П А ТЕ лу 526 oa 
Ci 5.4 1 30.2 21217 
218 11680 2325 0369 * 
L-II 218 11680 2505 .0501 * 
CHOH (Phenol) ..... L-I жоо 2 122 
L-II 64 2015 30 .0825 
I-II 64 2015 $ 0555 
СН.С‹Н.ОН (о.Сгезо]). L-I 30.8 1 33.8 0838 
103.2 5900 34.2 0317 
L-II 103.2 5900 35 0555 
I-II 103.2 5900 ‚8 ‚0238 
Сашрйог* ............. I-II 87.1 1 25 .00187 
CM OH ........... I-II --9 1 9.38 77 
СН.МН,НМОз ...... sm 97.6 vu „ИЕ 
а. m 1193 ҚҚА TR 
CO) е I-II 970 high CO; En mS 
Cam sb 22222... Im ІП Ше I0 osas Ca -10 7 
Бабас; V eee c КЕТ. 1420, 675 A dec 10%, 675 
GONE V Ve sve o nes Curie point ~1100 aie 1.3 tores 
I-II 1015 Же 
II-III 400 кен 
СО... À Е-е ЕЮ .... 
Co OHT ак но 223 11.8 
CCR o o о аи 460 8 
СО о... 219 е JE 
(5,50, Пе о е «әзе 660 Те ев S o 
СОИ eee p sn 153.5 1 4.3 00405 
ао... E 722 i or M 
IBIDEM. eer era I-II-III 390, 470 na : 
Cul, NOW eese rise I-II-III 402, 440 1 кы» вос 
II-III 200 9600 1.091 .00485 
II-III 100 11560 .048 .00535 
np 222227770 2: ЖЕТ 91 T 5.6 WE 
ieee on. Sk ec Be 110 5.4 
Ле л ә... UM 351, 387 Mun 
С ............... Curie point 730 6:7 565 
В-у 920 G7 ae 
~У-6 1400 2 
ЕЕ ињ Curie point БЕ Ж; ee 
ПЕ a a a ari II-III GOE AR 2.25 
І-П 500 + md 
Do 222222; S 140 . 
о pyrite, marcasite im Dac 
Fe;P EE sl. ООС 80 noc 
PODES И 440 P хы 
седи б. Т... Р 215 2526 or AR 
LIPPE а. red- yellow 12755 КОС 129 ‚00342 
He E LS. usu тееп УШУ 25: em БЕ SN 
а... cinnabar ake 
| 386 = 
Ol. aa ruby-brown OM RE 4467. 
КОШШ................. m 248 5500 271 
КОШО ................ І-П 255 а де; 
II-III ЖЕ ЗЕТУ 
Ата == (2510 — 227 Х 107 Ah; =.165 at 0°. 28) at 2007 
КО И... 50 ........ m А d nod e 
146. ] .76 ‚00095 
К,5 € «© е ө ө ө € e с с * * «о ө ә » ө э ө І-П о + ү inr j т 
т | ў .004 
КМ О: 9 €* 6 4 9 • 9? ө ө с ө е ә ө э ео І-ІІ 128 81 10.3 0049 
І-ІТІ 128 81 5.6 0138 
ПЕШ 128 81 4.7 ‚0089 
21.3 2840 1.3 ‚0156 
III-IV 21-3 2840 5.1 .0284 
II-IV 213 2840 3.8 0440 
(continucd) 
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TABLE 124.—REVERSIBLE TRANSITIONS iN CRYSTALS (continued) 


Substance 


ҚК ха... 


К.Са,(50О,)з “зше е: 
K:Sr( SO. эе ко 0 o0 0 
КЕШЕДІ c osuere eee 


о. 
K.O(S10 


з ТО БОЛ И л т: 
2К,О(А1,Оз) (510), ° .. 
ИО ооо а 
В о... 
(Мао (ВОјМеСс1... 
MOSES Cedere 


ЕО eem 
ШЫМЕН e 


СИ оО. 
Б 


L ДАРДАҒЫ ооо 


ЫШ О Le eec yen 
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Phases 


I-II 
II-III 


II-IV 


I-IV 
III-IV 


Transition Pressure 
t? 


588 

180.5 
198.6 
164.2 
11862 
198.6 
118.2 
198.6 


714 
41.5, 99 
580 
266 


742, 1191 
860 


atm 


] 
1773 

1 
2810 
1773 
2810 
1773 
2810 


1976. 
о... 


— 237.6 
— 30.5" 
1843 
СА — 38" 
I-II 137.8 
E — 42:5? 
I-II n 
AA 240 
- ИЛИ 126.2 
II-III-IV 176.9 
0 134 
I-II 120 
II-III 87.7 
1 Ж 
I-H 186.7 
I-VI 1867 
II-VI 1692 
186.7 
П-ШІ { P. 
III-IV 25 à 
63.3 
H-IV 169.2 
IV-VI 1692 
IV-V —18 
m 300 
nr 308 
CE 248 
УЛП 185 
11-1 241 
(continued) 


1800 
5480 


8730 
8730 
8870 
8730 


8870 
1 


Transition 


heat 
cal/g 
13 
‚71 
2.29 
3.61 
3.30 
‚166 
134 
2.03 
3.44 


3.10 


Transition 
volume 
change 
cm?/g 


00066 
00197 
00566 
00570 
00113 
00110 
00310 
‚00680 


00306 


0315 
0378 
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TABLE 124.—REVERSIBLE TRANSITIONS IN CRYSTALS (concluded) 


Transition 
Transition volume 
Transition Pressure eat change 
Substance Phases 2С atm cal/g cm3/g 
Мақ ыма5О, 2... 22 Ses 105 4 
Ма:СО: есе есе: ео 430 :. Е босо sem 
МАШ анна. Uns 2754 Cm (8+2) (.0081) 
МАЙ Е .............. БР 568 Е: 59 E 
Ма О). ее. Му 424, 565023 _.... IT Иек. 
Na.WO, ее оа ее I-L 581.6 SOG 25.1 .018 
II-I 588.8 € 33 .00 
III-II 695.5 БЕ 19.4 035 
Ма о... a neph.—carn. 1250 de Жл, NS 
carnegieite 226, 650-690 .... cal 
NaC.H:0: ° Ко се е а з ёз ее 1984 "ES. зоос 
ЕЕ ока «а Curie point 355 
МЕЛ... im 545 
NisAs: ПИ н ш ш е =» з» баве 970 saad Ж 
Е... I-II —229.5 277 6.2 
II-III T Sm к. o 
44, 1 : .0193 
Phosphorus ........... L-I 196 6000 653 0120 
"EM e ME 00846 
68.4 12000 55.2 „00684 
РО оа red-yellow 587 Ке СК M 
Ре. ee 870 13.4 
БОС. 707, 783 Е 
В... 877 
КОН... 245 16.8 
Ч О о eese R 279 
RS NE uiu eroe 653 
Rb;Cai( SO); а Жл 787, 015 
ЕМЕЛ every т 142 “ee 
RIDIN pee cs hoe І-П 219 i ore CI 
II-III 164.4 1 2212 „00688 
О; 218.6 5810 5.93 00434 
в... ое 50 5525 dm -— 
БОБИ еа е 50 4925 
КЕБИ О... ЕС." LN 50 4050 -—- 
БОО оо те 1-П 95.5 1 2:7 
L-I-II 155 1410 Um 
SiO Meee Sls es rhomb.-reg. 570 MEM Т” 
ӘМЕТ ГООО КТЕ І-П-ІТІ 65, 69.5 nee 
ое. І-П 5/9 2.6 
О ео І-П 215 21 
О... І-П 150” ‚63 
II-III 104” .96 
ИЕ па ть a 867 8.7° 
eT 1250 258 
№! 1470 "se e 
ОПИТ a a a aR 161 А small 
18 4.4 
БПО осно... 430, 540 а 
щи 1152 тт 
О ан 925 high CO, 
ШЕСІ 226 Ж, 
JUR o oe os. os a — 173 SE Loo E 
TIENE 2222.22... I-II 144.6 ] 2.86 .00244 
II-III 75 1 ‚89 00073 
ШЕЕ Е... С 44 xd КЖ 018 
NUS D pe wa i 230 S e Е T 
ТІВ О е ee —15 vM 
МАС ОТЕ... Loos 2400 
Zug ere eer as Tues 1020 
Zu c ens More ca 1000 
1 Third modification at room temperature. t Acetone. $ Five other modifications; not accurately 
located. 1 Very heautiful for demonstration purposes. a Leucite. b Prohably pentamorphic, inv. 


at 1150° and 1300°C. c Acetate. d Sluggish. e Quartz. f Cristobalite. g Zincblende and 
wurtzite. h Tridymite. 


SMITHSONIAN PHYSICAL TABLES 


130 


TABLE 125.—TRANSFORMATION AND MELTING TEMPERATURES OF LIME- 
ALUMINA-SILICA COMPOUNDS AND EUTECTIC MIXTURES * 


Percent 
oS 
Substance СаО АО. 5:10, Transformation Temp. "С 
а... 48.2 — 51554 Мер... 1540222 
Саз ,......... 48.2 — 518 а #о В апа геуегѕе.................. 1200 =2 
Са... 65. -- 35. ASIN CNN TET. D. 2130=10 
ПИШЕ: sae 65. — 35. y to В апа геуег$е.................. 6752-5 
о 65. — 35. В Іі а аппа пехегсе........... 2... 1420222 
Ca E); auans 58.2 — 418  Dissociation into Ca;S1O, and liquid.. 14752:5 
(а; .......... 73.6 — 26.4 Dissociation into Ca;SiO, and СаО.. 1900=5 
баға ыы 2.2.2.2... 622 37.8 — Dissociation іпіо СаО апа Паша.... 1535:-5 
Са,АһҺО\. ........ 47.8 52 = Мешпе ........ uU C 1455275 
а ......... 35.4 64.6 — М лао... ее: 16005 
Са АО ....... 24.8 75.2 = МЕОРИ о 1720+10 
АЕО .......... — 028 ЭЛЕ Ми... ее ее 18162710 
CaAhbSunO, ....... 20.1. 36.6 ЯЗ Меш sels rr Л 1550 =2 
Ca;ALS1O; ....... 40.8 37.2 ООН Мег ................... 1590+2 
CALS: cass 50.9 30.9 182  Dissociation into Ca;SiO.-4- Ca;AL SiO; 
апа ................... W 1335255 
Eutectics Eutectics 
Percent Melting Percent Melting 
Crystalline ce} temp. Crystalline oO temp. 
phases СаО AlO, SiO? E: phases CaO ALOs;4 SiO; EL 
CaS10;, 510; 27 -- 63. 1436 СаА1:51:О» 
Са:51О. Са А1:51:О» 
eal ) 65 - 325 2065+ САРЫ, | 292 39. 318 1380 
AI2S105,SiO2 — 12. 87. 1610 АБО: 
АЗ О АБО: — 64. 36. 1810 Са:51О. 
с } 10.5 195 70. 1359 
55! 22 2 ШЫ 
с. А] So : Quintuple points 
СЗ," } 496 237 267 1545 СЕО: 
RESIO. SIO 98 198 704 1345 Cus” | 483 42, 97 1380 
САМО бо ва ма ве GAL 
Са:А1:51О: : Cas Ali Os 
CaALO, 37.5 532 93 1505 Шы 31.2 44.5 24.3 1475 
CaA liOn 2423 
PEU } 30.2 368 33. 1385 
Са:А1:51О0 
Солон | 472 118 41. 1310 | 
Casio. Quadruple points 
Са:А1:51О: 3CaO.2S1O, 
Cue | 457 13251 БЕ ЗСО 555 ЖЕ ЖЕШ 





* The majority of these determinations are by G. A. Rankin. 
f The accuracy of the melting points is 5 to 10 units. (Geophysical Laboratory.) 
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TABLE 126.—LOWERING OF FREEZING POINTS BY SALTS IN SOLUTION 


In the first column is given the number of gram-molecules (anhydrous) dissolved in 1000 
g of water; the second contains the molecular lowering of the freezing point; the freezing 
point depression is the product of these two columns. After the chemical formula is 
given the molecular weight. Temperatures in °C. 


Cd(N 


g mol 


1000 g H:O 
РЬ(МО:)., 


‚000362 
‚001204 
002805 
‚005570 
‚01737 
5015 


Ва(МО.). 2 


000383 
1001259 
.002681 
.005422 
.008352 


.00 
.00689 
.01997 
.04873 


AgNO,, 167. 
.1506 


‚5001 
‚8645 
1.749 
2.953 
3.856 
0560 
‚1401 
„3490 


KNO,, 101.9 


.0100 
.0200 
.0500 
.100 
.200 
.250 
.500 
‚750 
000 


1. 
МаМ O;, 85.09 


.0100 
.0250 
.0500 
.2000 
.500 
.5015 
1.000 
1.0030 


NH.NO,, 80.11 


.0100 
.0250 


33 


О; );, 2 
298 


Molecular 


. . . . *. = . 
ОС ЮО Сол lowering 


Ча o 


61. 


о 


€ tn tn tovt f b) Pe d on tn 


оне 
СЛ КОЛО en 


3 


=e NA 


OQ utn on tn 
MONBAIYAN лоо о 


о 


о Nm BOO он 


WWWWWWWW NNNWWWWWW СӘ Со Сота а ГО ГО ГО СУ 
сл 


‘лм оо Мо ы ць л С ооо сә ао чь блл М лсо С бо № бохо ёо 


о 


5: 
5 


(се; 


E 
ob 
gmo _ 58 gmi 
1000 е Н.О 2 1000 е Н.О 
0500 3.47* 4978 
1000 3.42 ‚8112 
‚2000 (02 1.5233 
.500 3.26 BaCL, 208.3 
1.000 3.14 .00200 
LiNO,, 69.07 00498 
0398 3.4? 0100 
1671 3.35 0200 
4728 3.35 04805 
1.0164 3.49 100 
А1,(5О.,):, 342.4 200 
0131 5.6° 500 
0261 4.9 586 
0543 45 750 
1086 4.03 Сасі,, 183.3 
iy, 3.83 ‚00299 
CdSO,, 208.5 ‘00690 
.000704 3 35° 0200 
002685 3.05 10541 
01151 2.69 10818 
03120 2,42 214 
1473 2,13 7429 
4129 1.80 859 
UM MEUS 
K,SO,. 174.4 Уа 
.00200 _ 5,4“ 1337 
.00398 5.3 `3380 
„00865 4,9 7149 
OCU 0 Ссс 1296 
0500 4.60 0276 
1000 4.32 1094 
.200 4.07 2369 
454 3.87 “4399 
CuSO,, 159.7 539 
000286 — 3.3? 
.000843 3.15 Сасћ, 111.0 
002270 3.03 0100 
006670 2.79 05028 
01463 2.59 1006 
1051 2.28 ‚3077 
‚2074 1.95 946 
4043 1.84 2.432 
8898 1.76 3.469 
MgSO,, 120.4 3.829 
000675 3.29 0478 
002381 310 .153 
01263 2.72 ESO 
0580 2.65 612 
2104 2 23 998 
(continued) 
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coro c NO SOT toc c» Molecular 


WNP CEPR оо сәсә фл лл NNN 


(лы > ю > 


pc n a. nucon 
ә 4 1 о о бло бо фо Моо 


C3 ЮО GOO ~ У С О МО — Ov ооо 


lowering 


оо + М) 


ми ОК САМО СО Сл 


о 


о hobo о сл со м сә 4~ о 


оо 


со мел о 


A N сл — 


о 


g mol 
1000 g H:O 
MgCl., 95.26 
.0100 


.0500 
.1500 
.3000 
.6099 
КСІ, 74.60 
02910 


МАСІ, 58.50 
00399 
0100 
0221 
„04949 
‚1081 
12325 
‚4293 
‚700 

МН.СЬ 53.52 
0100 
0200 
‚0350 
‚1000 
.2000 
.4000 
.7000 

LiCl, 42.48 
.00992 
.0455 
.09952 
.2474 
.5012 
.7939 

ВаВтг., 297.3 
‚100 
‚150 
‚200 
.500 

AIBr;, 267.0 
.0078 
.0559 
.1971 
.4355 





Molecular 
lowering 


o 


<= © Оо С o 
СА 


КА О О ДА > ЈА Сл (Өл ООо PE 


оз бо бо бо бо бо бебе Со сә сосе со сю сосы лел ел 
СРЕ: 


ју Оз ДА Д блл С М 
Go SIR) GO бл у о 


ос 


лел ол | Ско Сә Сә u w w w w блә 
Сю со о 


о 


p ).-А 
ее 
S 


I2 


TABLE 126.—LOWERING OF FREEZING POINTS BY SALTS IN SOLUTION 
(concluded) 


8% 5% 8% 8% 
ег FE P'E eu 
g mol Su g mol 2% g mol is g mol se 
1000 е Н.О =“ 1000 с Н-О => 1000 е Н.О = 1000 е Н.О EXT 
Савг,, 272.3 КОН, 56.16 Ма:61О., 122.5 472 2.20° 
003244 51° 00352 3.60° 01052 64° 944 2.27 
00718 46 00770 3.59 05239 5.86 1.620 2.60 
03627 3.84 02002 3.44 1048 5.28 (СООН), 90.02 
0719 3.39 05006 3.43 12099 4.66 01002 33° 
1122 3.18 1001 3.42 .5233 3.99 02005 219 
220 2.96 ‚2003 3.424 HCI, 36.46 — .05019 3.03 
440 276 .230 3.50 ‚00305 3.68° 11006 282 
‚800 2.59 ‚465 3.54 .00695 3.66 2022 2.64 
CuBr,, 223.5 CH;OH, 32.03 .0100 3.6 .366 2.56 
ШО Н шо ШЫ ІШ ыбы 
| ; 10301 | 
2255 527 2018 1811 з ЕОНИ 6 
.6003 5.89 1.046 1.86 .2000 57 .1008 1.86 
CaBr., 200.0 3.41 1.88 3000 3612 2031 1.85 
0871 Dl? 6.200 1.944 .464 3.68 525 1.91 
1742 5.18 C.H,OH, 46.04 .516 3.79 240 198 
3484 5.30 000402 1.67° 1.003 3.95 524 213 
5226 5.64 004993 167 1.032 4.10 (C;H.),0, 74.08 
MgBr,, 184.28 0100 1.81 1.500 4.42 "о ле: 
0517 5.45 02892 1.707 2.000 4.97 9201 167 
103 516 0705 1.85 2115 4.52 1011 1% 
207 526 11292 1.829 3.000 6.03 2038 1702 
517 5.85 ‚2024 1.832 3.053 4.90 Dext T 
KBr, 119.1 .5252 1.834 4.065 5.67 x 0198 1 845 
0305 3.61? 1.0891 1.826 4.657 6.19 0470 185 
1850 3.49 1.760 1.83 НМО,, 63.05 Shoe 182 
6801 3.30 3.901 1.92 .02004 3.55 4076 i 
250 3.78 7.91 2.02 05015: 3.50 ae 1921 
.500 3 56 11.11 2.12 0510 3.71 
CdL,, 366.1 18.76 1.81 .1004 3.48 Levulose, 180.1 _ 
00210 45% 01777 180 1059 3.53 0201 1.87 
00626 40 0778 1.79 2015 345 20507 1871 
02062 3.52 К.СО., 138.30 250 3.50 ‚554 2.01 
04857 270 0100 512 .500 3.62 1.384 2.32 
11360 235 0200 4.93 1.000 3.80 2.77 3.04 
333 213 0500 4.71 2.000 4,17 С.„Н..О,,, 342.2 
684 2:23 .100 4.54 3.000 4.64 .000332 1.90% 
.888 2.5] 200 4.39 H;PO,, 66.0 001410 1.87 
KI, 166.0 Ма.СО,, 106.10 .1260 2.90? .009978 1.86 
„0651 15° 0100 5,19 .2542 2.75 .0201 1.88 
.2782 3.50 .0200 4.93 5171 2.59 .1305 1.88 
6030 3.42 0500 4.64 1.071 2.45 Н,50,, 98.08 
1.003 3.37 .1000 4.42 Н.РО, 82.0 .00461 48° 
ЅгІ, 341.3 2000 417 0745 3.0? 0100 4.49 
054 5.1° Na;SO,, 126.2 1241 28 0200 4.32 
108 5.2 1044 4,519 2482 2.6 0461 4.10 
216 5.35 3397 3.74 1.00 2.39 100 3.96 
327 5,52 7080 3.38 H;PO,, 98.0 .200 3.85 
NaOH, 40.06 Na,;HPO,, 142.1 0100 2.8° ‚400 3.98 
02002 3.45° 01001 — 5.0? 0200 2.68 1.000 4.19 
05005 3.45 .02003 484 0500 2.49 1.500 4.96 
.1001 3.41 05008 4.60 1000 2.36 2.000 565 
2000 3.407 1002 4,34 2000 2.25 2.500 6.53 
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TABLE 127.—RISE OF BOILING POINT PRODUCED BY SALTS DISSOLVED 
IN WATER 


This tables gives the number of g of the salt which, when dissolved in 100 g of water, will 


raise the boiling point by the amount stated in the headings of the different columns. 


pressure is supposed to be 76 cmHg. 


Salt ie 
BaCl;4-2H;O JE 15.0 
Се E sacr а 6.0 
Са(МО:).-2Н.О 12.0 
EOR or e 4.7 
ЕСЕГІЗО: 500 6.0 
KOL e 9.2 
ССО... 1155 
КОЛО + ELS [22 
КО ары ENSE 15.0 
VIC NE О 15:2 
К.С.Н.О.++Н,О ‚ 18.0 
К МаС.Н.О, особо о 17.3 
KNaC,H4,O;4-4H;O . 25.0 
СУЕ 3: 
РАДЕ РО 6:5 
MgCh--6H5O ...... 11.0 
Мв50.+7Н.О ..... 41.5 
ЈУ СУБ ое ав 4.3 
а ТЕ 6.6 
МАШО: «муу 9.0 
NaC;H;O;4-3H;O И 14.9 
Ма:5:Оз осооссооооооа 14.0 
МаН РО. росе осо 172 
МаС.Н.О.--2Н:О 2174 
Маг 5; О + 5ЊО 55006 23.8 
Na:CO;4-10H;O .... 34] 
Na;D,O:4-10H;O . 39. 
МЫ С еее. 6.5 
ТЫНЫС ee. wets os. 10.0 
ОИЕ БО а. 15.4 
SrCl.+6H20 ле 20.0 
Sr( NO); л е ы ы к» 24.0 
КОТАК ren ee 17.0 
QH;O.4-2H;0 ..... 19.0 
СНОЉ-ЉЕО ...... 29.0 

Salt 40°C 
(CeO) с... 137.5 
KOR .......... 92.5 
Ман ee. 93.5 
Ni NOS ....... 682.0 1 
ЕНЕ... 980.0 3 
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Тһе 


S? 7% 10° 15° 20° 25° 
(71.6 gives 4?.5 rise of temp.) 
250 320 415 55.5 69.0 84.5 
68.5 1010 1525 2400 32125 443.5 
205 264 345 47.0 575 67.3 
310 440 63.5 98.0 134.0 171.5 
36.2 48.4 (574 gives a rise of 8?.5) 
47.5 (005 755 0095 12725 1525 
740 99.5 134. 185.0 (220 gives 18°.5) 
82.0 120.5 188.5 338.5 
90.0 126.5 182.0 284.0 
84.8 119.0 171.0 2725 390.0 510.0 
157.0 266.0 554.0 5510.0 
15.0 200 260 35.0 42.5 50.0 
32.0 440 62.0 92.0 123.0 160.5 
55.0 77.0 110.0 170.0 241.0 334.5 
262.0 
17.0 224 300 41.0 51.0 60.1 
25.5 33.5 (40.7 gives 8?.8 rise) 
48.0 680 99.5 1560 2220 
79.7 118.1 194.0 480.0 6250.0 
220 77.0 1040 1520 214.5 311.0 
121.3 183.0 (237.3 gives 8°.4 rise) 
139.3 216.0 400.0 1765.0 
1052.9 
(5555.5 gives 4°.5 rise) 
207 7396 562 88.5 
520 74.0 108.0 1720 248.0 33710 
718 99.1 (115.3 gives 108.2) 
ir 150.0 234.0 524.0 
87.0 123.0 1770 2720 374.0 484.0 
112.0 169.0 2620 540.0 1316.0 50000.0 
145.0 208.0 320.0 553.0 952.0 
120° 140° 160° 180° 200° 240° 
2198 2631 325 375.0 4444 6230 
526.3 800.0 1333.0 2353.0 6452.0 -- 
8547.0 CO 


Во 
о. 210 
ЗЕ О5 525 
93 136 174 
120 18.0 24.5 
16.7 234 29.9 
225 920 541) 
278 44.6 62.2 
30.0 450 60.0 
310 47.5 64.5 
36.0 540 72.0 
34.5 51.3 68.1 
53.5 84.0 118.0 
7000 T25 
13.0 195 26.0 
220 330 440 
87.5 138.0 196.0 
80 11.3 143 
124 172 21.5 
185 280 38.0 
300 461 62.5 
270 39.0 49.5 
344 514 684 
444 682 93,9 
50.0 78.6 108.1 
86.7 177.6 369.4 
93.2 254.2 898.5 
12.8 190 247 
200 300 41.0 
301 442 58.0 
40.0 600 810 
450 636 814 
344 520 70.0 
40.0 620 86.0 
58.0 87.0 116.0 
60? 80? 100? 
222.0 314.0 
1217 1526 185.0 
1508 230.0 345.0 
370.0 2400.0 4099.0 
774.0 (infinity gives 170) 
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TABLE 128.—FREEZING MIXTURES 


Column 1 gives the name of the principal refrigerating substance, A the proportion of that 
substance, B the proportion of a second substance named in the column, C the proportion of a 
third substance, D the temperature of the substances before mixture, E the temperature of the 
mixture, F the lowering of temperature, G the temperature when all snow is melted, when snow 
is used, and H the amount of heat absorbed in heat units (calories when 4 is grams). Tempera- 


tures are in °C. 


Substance 


МаС»„Н+О» (сгузї.).. 
NH.Cl 
NaNO; 
NazS20; (cryst.).... 
ЧИР. 7 
СаСі, (сгуѕі.) 

МЕО» Ег... 
(МН,)50, 
NH.CI 


• . е е ө е ө ө е е ө 


сево о о o 


оосо ооо о 
• • • • • • •• • oodo 

° ө ө е ө э ө %Ф ө «е ө о 6 
° ө е е ө э ө ө ө ө о ө о 
• • • • • ө ө «е % ө ө 

e» 90992599 * 9 * €* 


e. e... osoo’ oo 


• • • • • • • .•• • •« • 
• • • ө э «4 • • ә е ө ө 
• • • • • ө % ө ө о 
. . • • • ө ө о э ө @ 


CE • • • • • • ®Ф о ө ө Ф 


Н,50, + ЊО 
(66.1% Н:5О4) 


CaCl; 4- 6H;0 


Аана { 


Chloroform 
Ether 


сово оо о е 
° е • • • • + + • ӊ ө ө ө 


• • . ө ө ө ө о 


NH,NO; 


* Lowest temperature obtained. 
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Á 
85 
30 
75 
110 
140 


I 


NH.NO;-25 


NH.CI-25 


а 


“ 


“ 


р 
10.7 


13. 


m 
Сә 
сә 


[11111 БЕ 
сл ос бо ~ 


— bt 
Sci Sor 


t3 


ier 


pò ph può 


әм-ГІІІІ І БЫ onna 
СА ДА ~ СО бо не ~ 


OQ ~ Go 


Б лому 


leer 


сс с сем 56 


DO DO DS DO а а 
DN SI Qa IN ОО СО ОО Лл = 
У Мә (бә {л зл > 


ШЕЕ ИИ ЛШ А 


Ese es sa | ОИ А А А Ios нь 


о Зои СлЛОо ~ 
мо С 4» С У СО 


--39.0 


ЕТТЕ ЕЕ ЫЫ 


MN = 

1 
oN cei | | lee | (ila) | a = 
Soma} 


553. 
967.0 
523] 
49.5 
40.3 
30.0 
46.8 
88.5 
1923 
3922 


ШЕШ | 


4» C3 t9 C9 
сә PRI OS 
ne SS 


— 
N 
ғә 
bo 


TABLE 129.—ANTIFREEZING SOLUTIONS * i35 


(For automobile radiators, etc.) 


Percent by volume 10 
Typical commercial methanol 
ап терен... о. a — 5.2°С 
Speen. at По 15*C. . ‚986 
Typical commercial ethanol 
BUtIibee2Q a, Waren аы — 3.3°С 
о рае ет 988 
Commercial glycerine t 
АПС е Ес our — 1.6°С 
ро а Се. а. 1.023 
Typical commercial ethylene 
glycol + аппітееге ........ — 3.8°C 
расо СИВЕ. 12015 





Percent by volume in water with freezing points and 


specific gravities 


20 30 40 50 ` 
E20 08 2 1 Ји 2 > ( = 455 
975 „963 950 935 
ос Uo C 
977 ‚967 .955 .938 
Но ас 221295.0* C 
1.048 1.074 1.101 1.128 
98592 -155042 270 5 
1.030 1.045 1.060 1.074 


* This table was prepared from data furnished by F. G. Church, of the National Carbon Co., and A. J. 


Kathman, of Procter X Gamble Co. 


types must be suitably inhibited to prevent cooling-system corrosion. 


+ Glycerine and ethylene glycol are practically nonvolatile. АП 


Commercial antifreeze solutions 


based on ethylene glycol (Prestone) and on glycerine (Zerex) are in use at the present time. 
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TABLES 130-141.—HEAT FLOW AND THERMAL CONDUCTIVITY 


TABLE 130.—CONVERSION FACTORS BETWEEN UNITS OF HEAT FLOW 











joules 
E cal kilocal Btu 
watts/cm? sec cm? hr m? hr ft? hp/ft? watts/in.? 
ПС с =! 2390 8602. 3171. 1.246 6.452 
Е 185 36000. 1.327 x 10* 5212 27.00 
sec cm 
: ES —1163x10* 2778x 105 — 1 3687 1.448 x 10° 7.500 x 10* 
wo —3153X10* 7535x105 2713 1 3.928  10-* 2.035 Х 107 

| вре — — 8027 1918 6905. 2546. 1 5.179 
| watt/in? — .1550 3.704 Х 10- 1333. 4915 1931 





TABLE 131.—THERMAL CONDUCTIVITY OF VARIOUS SUBSTANCES 
Part 1—Various Substances 





Substance, Р! Substance, kt Substance, Re 

temperature °C cgs temperature °C cgs temperature °C cgs 
Aniline BP 183, — 160.. .000112 [ипе ics oso ee .00029 Quartz | to axis, —190. .0586 
arbon, каз ........... „010 Масан ivt И ‚0018 Да RENS .0173 
Carbon, graphite ...... .012 Flagstone | to c'eavaze. .0063 “ 2000 а NS .0133 
Carborundum ......... .00050 Micaceous || to cleavage. .0044 Quartz |^to axis, 0. ‚0325 
Concrete, cinder ....... .00081 Naphthalene MP 79, Rock за 0....... EM .0167 

у Stone ee. .0022 160 с с ша ‚0013 Rock сай. 30... aT .0150 
Diatomaceous earth .... .00013 Naphthalene MP 79.... .00081 Rubber, vulcanized, 
Каз сты а ‚004 Naphthol—8 MP 122, =160 59 ‚00033 
Не ПК ое. .00028 SANGO. os be И .00068 Ruhber; 0 ... ШЕ: .00037 
Еїпөге, —190 ........ ‚093 Naphthol Q. .00062 Rubber, рага 07. .00045 
ОЕ о... 4025 Nitrophenol МР 114, Sawdust .-.: о .00012 
Glycerine, —160 ...... .00077 ғ 16052. 20 лс „00106 Snow, fresh, dens.—.11. .00026 
Iceland spar, —190..... .038 Nitrophenol. 0 ........ .00065 УМазейпе, 20... 111. .00022 
Iceland spar, 0........ .0103 Рагаћп МР 54, -160.. .00062 Vulcanite  ... TP .00087 
Рана ти О 2. 9 0 .00059 





Part 2.— Rocks *5 





Conduc- Conduc- Conduc- 
tivity, K tivity, K tivity, K 
Temp. .Watts Temp. Watts Temp.  Wàtts. 
Rock ЭС ст 4ер Коск ee cm deg °С cmdeg 
Granite o onens. 100 23.8х10-3 Limestone: Slate: 
500 15.9 Japan з. ig 25% {0 Wales us 30 20х10-8 
Barre, Vt.... 0 2729 9 x 10-3 Penna. 
S0 26.2 Penna. J] to bed... 0 19.4 
109 247 || ко ћеа ... 0 34.5 Мадос ...... 120 16 
200 23.0 | to bed... 0 25.5 Shale ween 22 720 
Granite gneiss.. ... 28.18 Chalke 6 WS 9.2 ИСУ САУ: 17 15.4 
Granite schist.. ... 27.2 Marble (17 vari- Fireclay, Bore- 
Quartz monzon- eties) ..... 30 32-21 land hore.. 17 18.3 
ite, Calif... 0 31.6 Black Е 124 16 Rocksalt, Hol- 
100 29.2 White ...... 125 14 fonda. n 172522 
аза ЖО 222. eels Sandstone, Bore- 
land bore.. 17 41.8 
Soapstone ..... 20, 244 


45 Birch, Francis, Handhook of physical constants, Geological Society of America, 1942. Used by permission. 


TABLE 132.—THERMAL CONDUCTIVITY OF WATER AND SALT SOLUTIONS 





ke Solution ke Solution ke 
Substance °C cgs in water Density °C cgs in water Density °C cgs 
0 .00150 CuSO, 1.160 4.4 .00118 Н.50. 1.054 20.5 .00126 
Water 11 .00147 KCI 1.026 13. .00116 e 1.180 21. .00130 
25 .00136 NaCl 1.178 4.4 .00115 2150, 1.134 4.5 „00118 
20 ‚00143 E -- 26.3 .00135 5 1.136 4.5 „00115 
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138 TABLE 134.—THERMAL CONDUCTIVITY, METALS AND ALLOYS 


The coefficient k is the quantity of heat in small calories which is transmitted per second 
through a plate one centimeter thick per square centimeter of its surface when the differ- 
ence of temperature between the two faces of the plate is 1°C. The coefficient k is found 
to vary with the absolute temperature of the plate, and is expressed approximately by 
the equation k; = kol1 + a(t — to)]. ko is the conductivity at to, the lower temperature of 
the bracketed pairs in the table, b; that at temperature /, and a is a constant. k, in g-cal 
per degree C per sec across cm? — 0.239 Х hk. in watts per degree C per sec across ст“, 


Substance {2С ut 
Aluminum ....... —190 .497 
а 30 .497 
ШЕ. 76.4 .550 
Antimonyer....<.. 0 .0442 
МИ... 100 .0396 
Вата ...... —-186 .025 
EET ue. 18 1.0194 
m RD e s 100 .0161 
Рта 2. — 160 181 
MENO Ius 17” 200 
ЕО... 0 .204 
а... 0 .246 
Cadmium, pure... —160 .239 
E ш ЦЕ 222 
м” Шы 100 7215 
Constantan ... 18 .0540 
(60 Cu+40Ni).. 100  .0640 
Copper,* pure .... —160 1.079 
б Шы 18 4918 
M “ .... 100 .908 
German silver .... 0.070 
(ПОГИНЕ И 2. --190 .793 
КК КТ. 17 .705 
Graphite 507. 17 027 
Јан ел. 174] 
Поп рые ...... 18 .161 
2 ER m 100  .151 
Iron, wrought .... —160  .152 
Iron, 
polycrystalline.. 50173 
Iron, 
polycrystalline.. 100 1163 
Iron, 
polycrystalline.. | 200  .147 
Iron, 
polycrystalline.. 800 .071 
Iron, steel, 1% С.. 18 1108 
“ “ (с “ 100 107 
1-еаа раге. я —160 .092 
Ж Сс 18 .083 
» m. 100 .081 
Magnesium ...... moe 376 
Manganin ....... —160 .035 
“ (84 Cu +4 18 .0519 
М112 Мп).. 100 .0630 





a 


4.0030 


—.00104 


—.0021 


dum 
Се» 
Ј= 


—.00038 
4-.00227 


— .00013 


+.0027 
—.00007 


+.0003 
--.0005 


--.0008 


--.0008 


—.0001 


—.0001 


} +.0026 


Substance 


Mercury 
“ 


Nickel .. 


.. 
.. 
.. 
oe 
ee 
oe 


Platinum 


Pt 10% Ir 


• ө «е ө % • ө 6 
* Ф өе Ф ө ә ө s 
сое о е 
see eee ee 
4 

* % е «е ө ө ө о 
te % ө ө е е е 6 
“......: 
* ө ө Ф ә Ф ә э 
о ооо о ее о 
сово е в е о 
(E ө ө ө е ө о 

*о Ф ө ө ө ө 

° ө ө ө о ө о 
e е эе ө е е ө c 
e.e coooa‘ 


Pt TOREN.. 


Platinoid 


Potassium 
“ 


Steel 


, pure 


“ 


Wood's alloy 
Zinc, pure 


Zinc, 


2:64. 


• е е ө е ө ө в 


* о ө о о 


. • • • • • ө е о 


° ө е өе е е ө ө o 


* е о ө ө о ө о 


* Фо о ө ө о ө 6 


° е 9 е е ө ә & 


. . • е е в ө 9 


° «Фе ө ө ө ө 


e. е е өе е э э «= 


* ® © о в ө ә ө 


осо ооо 


e. « .. .. ө о 


тоосоо 6 ‘o 


polycrystalline .. 


Zinc, 


„polycrystalline .. 


Zinc, 


polycrystalline .. 


Zinc, 


liquid 


kt 
ЗЕ cgs 
0 hae 
50 0189 
177 -546 
—160 1129 
18 | .1420 
0 1.1425 
100  .1380 
200 525 
700 .069 
1000 — .064 
1200 058) 
18 11683 
100 .192 
18 110664 
1006 1733 
17 .074 
176 .072 
18 .060 
5.08 232 
RY alin = 
170.210 
—160 .998 
18 1.006 
100 .992 
508 321 
88.1 .288 
18 8 110 
17.130 
1700 .174 
1900 .186 
2100  .198 
0.155 
100 .145 
—160  .192 
17 .476 
1600 .249 
2000  .272 
2400 .294 
2800 .313 
— .319 
—160 .278 
0 280 
200 250 
400 .231 
500  .144 


“Copper: 100-197°C, kt = 1.043; 100-268°, 0.969; 100-370°, 0.931: 100-541°, 0.902. 
t Iron: 100-727°C, ke = 0.202; 100-912°, 0.184; 100-1245°, 0.191. 
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a 


+.0055 
—.0001 


—.00032 
—.00095 
— .00047 
+.0010 


+.00051 


+.0002 
4-.0002 


—.0013 
—.0010 
—.00017 
—.0012 


—.0001 


4-.00032 
— 00069 
— 0001 

4-.00023 
4-.00016 
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TABLE 135.—THERMAL CONDUCTIVITY OF INSULATING MATERIALS * 


Material 


AP UNUnnllg.. лаве 
ЗЕ ВОО ИРИ 


9 € 9 € 4 * ө «г ө 9 9 е е * е ө 9? е * € 


“ “ 


“ with 85 percent MgO...... 
Brick езу рогоц5, Пгу........... 
|  machine-made, dry ........ 
B "  molst, 1.296 

МУ ПИРА... НЕ а о о сина 
Calorox, fluffy mineral matter.... 
Сеше Це... 
Сешспишпогїаг .................. 
ПАИ аА... 
СаСО аон ааа i 
СЕ Т aA 
СОСО И оаа... 
СОТО а. 


e e • • 9» 9? € 9 € € 9 с 4 6» с * с « со « €* св со e « о а о 


“ 


* е e 9 е ә 9 ө « ө €* « « « өе ө 9 * ө ө е е 9 ә ә ә ө e 


e * 9 ө ө * « с $9 ө e €* ө ө 9? 9 €9 9 ә 9 е с с 9 а о о о 


“ 64 “ 


ee eee eee eee aa 


Cotton wool tightly packed........ 

Diatomite (binders may increase 
А Е... м. 

лап шо. .................. 


• + • « « э « е ө е оо «ос ө «= 
“ “ 


Ebon ааа. 
“ 


"+ + ө о е 8 9 9 ооо s c s 9 o3 3 o3 9 9 а 
“ 


Ре Ла беге... 
2008 ee. eee ee 


Elm 0... ..... ee 
Folen а... Да. 
СЕСЕ оао. 

P SUE. v I LL eo ee 


• • • • . • с «с • «• оо ооо осо 


ооо 9$ с 96 9$ е ө ө е ө « э « с ө ө ә 
ооо аео * € € с с «о с 9 с « о « с 9 ә e 


: • • • «о ө ө е ө ee eee 


Ce сой 
Ееа( пе ћатој c.e eeens: e a 

Hs cowhide aswe EROS 
EE N T 
БЕТТЕ loser res 
ПОО ОГК а. 
Г Шсаахегаве 6... 


“ 


Density 
g/cm? 


.00129 


Conductivity 
joule/ cal/ 
(cm? sec °C/ (cm? sec °C/ 
cm) cm) 
00023 000055 
00068 000162 

„00090 000215. 
00101 00024 
00075 000179 
00174 00042 
00038 000091 
00096 00023 
00032 .000076 
.00021 .000050 
.0055 .0013 
.0092 .0022 
00055 00013 
0015 00036 
008 002 
00032 000076 
00041 000098 
‚00061 000146 
00079 000189 
00038 ‚000091 
00056 000133 
‚00076 00018 
00042 0010 
00052 00012 
‚00094 .00022 
.00086 .00021 
.00157 .00037 
.00138 .00033 
‚00157 „00038 
‚00160 „00038 
‚00047 00011 
.00036 .000086 
.00063 .000151 
.00052 .000124 
.000023 
.00101 .00024 
.0060 .00143 
.0072 .00172 
.0076 .00182 
.00042 .000100 
.00050 .000120 
.00065 .000155 
.00081 .000195 
.0018 .00044 
.0038 .00093 
.0129 .0031 
.00051 .000122 
.022 .0053 
.00063 .000151 
.00176 .000421 
.0016 .00038 
.00086 .00021 
.00080 .000191 
.0050 .0012 


* Compiled from the International Critical Tables, which see for more complete data. 


(continued) 
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TABLE 135—THERMAL CONDUCTIVITY OF INSULATING MATERIALS 


(continued) 
Conductivity 
Densit ( ee gu Је 
Material К/П. °С ^ em) E ama / 
Micanite ....... ERE VIS Le a 30 .0021- .00050— 
.0042 .00010 
Миск оо! ...5....-.......... 15 30 .00042 00010 
i Eo ао. .30 .00052 .00012 
РВ ИЕ... ШЕ ............ 40 ‚00046 00011 
ОГНЕ аана. 20 .00063 .00015 
Раша мах аа. .89 30 .0023 .00055 
ICE cio deer ES EY .19 30 .00052 .00012 
К о css a. > ‚84 20 .0017 .00041 
Roc a. i 90 .0104 .0025 
Rubber, rigid sponge, hard........ .09 25 .00037 .000088 
" sponge, vulcanized ....... 22 20 00054 00013 
2 commercial, 40% rubber... 25 .0028 .00067 
А DONE В 25 0016 00038 
АЕ. оо Еа rw ees .20 30 „00060 ‚000143 
ПЕШАИ eio Ee m ee 0023 0006 
SIRI oo cscs MEE ces aes cece .00040 .00010 
" scrap from spinning mill..... .10 — 200 .00023 .000055 
i У с à ur .10 — 100 ‚00037 ‚000088 
ы E d | ЕЕ. 10 0 .000495 .000118 
ш P У E ur Y .10 50 .00056 .000134 
о ec 25 0 ‚0016 „00038 
И ое TEILT LITT 15 55 ‚00080 000191 
ч EN Nos .08 55 .00090 .00022 
Со те онат „09 30 „00036 000086 
У. " very loose packing..... .04 30 .00042 .00010 
Woods: Ash 1 to grain......... .74 20 0017 00041 
О ШЕ И e .74 20 0031 00074 
Balsa UMO gralif aoua .11 30 .00045 .000084 
Вохма .90 20 .0015 ‚00036 
Cedar IRo огап ees: .48 .0011 .00027 
Сургез$5 1 їо ргайш...... 46 30 ‚00096 ‚00023 
Fir 1 ЧӨ егашп......... „54 20 ‚0014 00033 
б | апш......... .54 20 .0035 00081 
Lignum vitae ........... 1.16 20 .0025 .00060 
i Же. в. 116 100 0030 00072 
Mahogany, | to grain... 2.70 20 .0016 .00038 
г I to grain... .70 20 .0031 .00074 
Фак, 1 toBPrain..- о... .82 15 0021 00050 
“| огап... .82 15 .0036 .00086 
Pine, pitch, | to grain... 30 ‚0015 ‚00036 
< WMirgimia, ditto. e. КЫ 30 .0014 .00033 
е АПИС НО e e. .45 60 .0011 .00026 
M О (о вала... 7 45 60 0026 ‚00062 
$ргйсе, 1 їо ргаш...... 41 0011 00026 
Teak, 1 to grain....,.. .64 15 .00175 .00042 
H Пташ. .64 15 .0038 .00091 
Walnut, | to grain..... .65 20 .0014 .00033 
Rocks: Basalt TER. з. 20 020 ‚0048 
halle. ЭШ. с: ‚0092 ‚0022 
гай, бе. ее: 2.8 (022 0053 
Limestone, very variable.. 2.0 20 .010 .0024 
Slate, | to cleavage....., 95 .014 .0033 
i a to САеватаре 95 025 0060 
Sandstone, air-dried ...... 2:2 20 .013 .0031 
tb freshly cut... 2.3 20 017 0041 
(continued) 
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TABLE 135.—THERMAL CONDUCT!VITY OF INSULATING MATERIALS 


(concluded) 
Density kt kt 
Substance g/cm? ЕС cgs Substance cgs 
Asbestos Пе .201 500 le Asbestos paper ....... un 
: { Blotilae Spapet eese: .0 
8570 magnesia asbestos...... 216 AE .00017 Portland cement ...... .00071 
СО МОН ccv а 021 100 .000111 Ка Ра ее: 0020 
ОПИШЕ о ec E .101 y .000071 Ebonite, £4, 497......... .00037 
Eiderdown -ee ЕС 0021 150 .00015 Glass, mean „о... 002 
а... .109 1 .000046 [ccu 7. и 0057 
Lampblack, Cabot number 5. .193 Dn ere Leather, NM саш ns 
Отак mesh 2005... 1.05 500 .00024 ПОП с а ан „00021 
1. с; 200 1000091 О... 000095 
Poplox, роррей Маз51О:..... 093 1 500 .000160 Caen stone, limestone.. .0043 
Free stone, sandstone.. .0021 
kt kt 
ср5 си5 
Density Density 
Substance g/cm? а%209С а%100%С Substance g/cm? at20°C at 100°C 
Buck Аге „ъс 1.73 .00110 .00109 Boxwood ....... 0.90 .00036 .00041 
Carbon, gas .... 1.42 0085 .0095 Greenheart ..... 1.08 00112 .00110 
EDODI ........ 1.19 .00014 .00013 Lignumvitz zd 16 00060. .00072 
Bibepered ...... 1.29 00112 .00119 Маһорапу ...... (55 00051 .00060 
Glass, soda ..... 2.59 .00172 .00182 (асы усын 0,65 00058 .00061 
Silica, fused .... 2.17 .00237 .00255 Whitewood ..... 0.58 00041 .00045 
Conductivity 
Safe 
Substance g/em® 100°C 200°C 300°C 400°C 500°C temp. 
Алг-сећ азђезћов ................... .231 .00034 .00043 .00050 -- — 320 
СО О a 168 .00015 .00019 = ЕЕ — FARO 
Diatonite2  —-M Е. 326 .00028 .00032 .00037 .00042 .00046 600 
Infusorial елгїһ, паїпга[ Е о, .506 .00034 .00032 .00040 — -- 
*  h'd pressed blocks... .321 .00030 .00029 .00033 .00036 E 400 
Magnestum carbonate We oos. .450 .00023 .00025 .00025 — Eu) 
тесто lS... 362 .00049 .00066 .00079 .00090 .00102 600 





TABLE 136.—THERMAL CONDUCTIVITY OF VARIOUS SUBSTANCES “ 


Tempera- Е Тетрега- k 
Material ture °C cgs Material ture ce cgs 
Amorphous carbon... 37-163 .028-.003 Brick: carborundum . 150-1200 .0032-.027 
100-360 .089 building gem 15-1100 .0018-.0038 
100-842 .129 graphite 7: 300-700 .024 
Concrete: light diatomite. 200-600 .00025-00032 
insulating сене 250-750 .00045-.00051 magnesia 50-1130 .0027-.0072 
sand cement....... 400-900 .0025-.0031 Glass silk: density 
Graphite (artificial).. 100-390 .338 056 15 .000096 
100-914 .291 Е 17 .000092 
2800-3200 .002 EE cords 9 .000071 
500-700 .31-.22 го 10 .000075 
Limestone e. ces 40 .0046-.0057 Granite de. oi ca 100 .0045-.0050 
Stoneware mixtures.. 70-1000 .0029-.0053 
Percent composition 
Tita- Cal- Mag- 
nium Ferric cium nesium Alkali Density Е, 
Description Silica oxide Alumina oxide oxide oxide oxides g/cm’ ces 
Fireclay, pottery quality.... 56.46 1.84 36.79 2.58 .38 „60 1.24 2.0 .0025 
Fireclay, fine quality....... 56.46 1.84 36.79 2.58 515 .60 1.24 2.05 .0020 
ОН е о. 52.0 2.7 41.3 215 -- -- -- 2.0 .0028 
SiiC Ре. 95.16 .57 1.46 .85 1.96 .08 E 1.81 .0036 
КРЕ o. O rex uL E = 


46 Griffiths, E., Journ. Inst. Fuel, vol. 15, p. 111, 1942. 
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TABLE 137.—THERMAL CONDUCTIVITY OF ORGANIC MATERIALS AND WATER 








Part 1 
kt t kt 
Substance °С cgs Substance °С ср5 Substance EC cgs 
Acetic acid ....... 9-15 .04472 Carbon disulfide .. 0 .03387 Oils: olive — .03395 
Alcohols: methyl.. 11 „0452 Chloroform 22222 9-15 .04288 castor mem -- .03425 
ethyl.... 11 „0546 КЕТ... ТЕ 9-15 .04303 Toluene 22777 0 .03349 
amyl.... 0 .04345 С1усегїпе ........ 25 „0368 Мазеппе ......... 25 0344 
Amine ее... 0 .03434 Oils: petroleum .. 13 .03355 Xylene soen 95 00 0 .03343 
Benzene  ........ 9-15 .0333 turpentine .. 13 ‚03325 
Part 2* 
Conduc- Conduc- Conduc- 
tivity at tivity at Temp. tivity at 
] atm l atm Substance °С l atm 
Temp. watt cm-! Temp. watt cm-1 watt cm-} 
Substance oC deg-i Substance 2C deg-! дер“: 
Normal pentane. 30 1.347х10-3 Carbon disulfide. 30 1.599x10-3 Water ... E 30 6.026х 10-3 
75 1.285 75309015515 75 6.445 
Sulfuric ether.. 30 1.377 Petroleum ether. 30 1.306 Water s... mm 0 5.524 
75 1.347 75 1.264 10 5.692 
20 5.859 
Acetone ...... 730012795 Kerosene ...... 30 1.494 30 6.026 
75 1.687 75 1.394 40 6.194 
50 6.361 
60 6.529 
70 6.696 
80 6.863 


* For reference, see footnote 45, p. 136. 





TABLE 138.—THERMAL CONDUCTIVITY OF GASES 


The conductivity of gases, kı = 4 (9y — 5)uC», where y is the ratio of the specific heats, 
С,/Сь, апа џ 15 the viscosity coefficient (Jeans, Dynamical theory of gases, 1916). Theo- 
retically &; should be independent of the density and has been found to be so by Kundt and 
Warburg and others within a wide range of pressure below one atm. It increases with 
the temperature. 





kt kt kt 
Gas tec cgs Gas ЗЕ cgs Gas ЗЕ cgs 
AIT: — 191 .0000180 СОЗ она. 100 .0000496 Не 027 203 „0000185 
МЕС us 0  .0000566 UIT. 0  .0000395 INS 556 —191  .0000183 
EM > 100 .0000719 Не v... —193 .000146 ШИ ats oe О .0000568 
MES. svn --183 .0000142 MES s. 0  .000344 ПА а. 100 .0000718 
ЕЕ. 0 0000388 MUS 100 .000398 mor. --191 .0000172 
ЖЕЛ... 100 ‚0000509 EN... — 192 .000133 a 0 .0000570 
СО... 0 .0000542 TEM ... 0  .000416 im ev sn 100 .0000743 
co... — 78  .0000219 CEA... 100 .000499 BIOS a 8 .000046 
и... 0  .0000332 PHI... 0  .0000720 МАО”... 0  .0000353 


* Air: k, = 5.22 (10-5) calvem-! sec -* deg C-!; 5.74 at 22°; temp. coef. = .0029. 





SMITHSONIAN PHYSICAL TABLES 


TABLE 139.—DIFFUSIVITIES 


143 


The diffusivity of a substance = h* = k/cp, where k is the conductivity for heat, c the 
specific heat and p the density (Kelvin). The values are mostly for room temperatures, 
about 18° C 


Aluminum 
Antimony 
Bismuth 

Brass (yellow) 
Cadmium 


9 6 « 9 ө ө ө э 9 « 9 9 e «* ө « « « « « « « = « «« 


Mercury 
Nickel 
Palladium 
Platinum 
Silver 


Material 


. “4.4. веевеччевсееееяяаа«а«а«аа«««вееев. 


Air 1 atm 
Asbestos (loose) 
Brick (average fire) 


* 9 ө ө т * 9 8 Y Y » « « « « « « « « « 


Brick (average building) 





* ө ч е « ө € * * * * $» ө ө ө ө ө ө o ө ө « ө ө 
e « 9 ө • ө ө с с с 9 э 9 9 9 * « 9 9? э * ө ә е 


€ ө 9 9 9 * €? ө ө э ө ө ө ө е « * « « « « * * * « « 
e 6 « 9 € ө 9 9 ө с э с * * * 9 9 ө ө ө ө 9 • * э 


Iron (wrought, also mild steel) 
Поп (cast, also 1% carbon steel) 
Lead 
Magnesium не. 


e 4 « ө ө ө ө «е e э ө « « « « P » * « « « « « » « « 8 8 


Diffusivity 


Coal 


Concrete (cinder) 
Concrete (stone) 


Material 


Diffusivity 


e e 9 • ө * ө * ө ө ө с ө ө * 9 9 ә * ө ө ө = 9 9 э * e ө 


Concrete (light slag) 


Cork (ground) 
Ebonite 
Glass (ordinary) 
Granite 


Ice 


Limestone 
Marble (white) 


Parafin Сы... 


* ое « « ө « « ө ө ө ө « ө ө о е 


* ө ө а е е « 9 ө о ос э е ө 9 à «4 « ө ө ө ө 9 э ө э 


« ө ө 5 ө е * $ « 9 9 ө ө e 9 э э ө * 9 * * $ ө « « 


« « e ө ө 9" ө «e 9 « « ө « ө 9 ө ө ө ө 9 9 ө * ө ө * 9 » ө е э 


e e 9 ө е ө « 9» 9 9 e ө ө е e» ө ө ө = « 


Rock materia! (earth aver.)......... 


Rock material (crustal rocks) 
Sandstone 
Snow (fresh) 
Soil (clay or sand, 


Soil 


ater 
Wood (pine, cross grain) 
Wood (pine with grain) 


(very 


— 


ete». $9 € » » $ 9 € € € 9 9 9 e e 9 * * 9 9 о о 


« • « • • ө ө е ө eee eee ee ewe 


slightly damp).... 


* 9 9 € е ө 9 9 9 9 ө 9 € ө 9 э ө * * s 


9 o9 9 ө ad ө «= «• ө ө 9 «с 9 ө э 9 • * стое овоа о е 


TABLE 140.—THERMAL CONDUCTIVITY—LIQUIDS, PRESSURE EFFECT“ 





No.* 
1 


МӘРТ СӨРЕ ы С Со 


кд мәз 
=> 


12 


Liquid 


Methyl 


alcohol 2... 


Ethyl 


alcohol .... 
Isopropyl 
alcohol .... 


Normal 


buty! 


alcohol .... 


Isoamyl 


alcohol .... 


Ether . 
Acetone 


Carbon 


bisulphide .. 


Ethyl 


bromide ... 


Ethyl 
iodide 


Normal 


pentane 


oo eee 


ооо ео o 


ооо ее е 


Petroleum 


ether 


ооо ье 


Кегоѕепе .... 


Conduc- 
tivity at 
0 kg/cm? 
(cgs) 
.000505 
.000493 
.000430 
.000416 
.000367 
.000363 
.000400 
.000391 
.000354 
.000348 
.000329 
.000322 
.000429 
.000403 
.000382 
.000362 
.000286 
.000273 
.000265 
.000261 
.00144 
.00154 
.000364 
.000339 
.000322 
.000307 
000312 
900302 
000333 


Conductivity relative to unity (0 kg/cm?) as function of 
pressure in kg/cm? 


1000 
1.201 
1.212 
1.221 
1.233 
1.205 
1:230 
1.181 
1.218 
1.184 
12207 
1.305 
ols 
1.184 
1.181 
1.174 
1.208 
1.193 
1.230 
18125 
1.148 
1.058 
1.065 
1.159 
1.210 
1.281 
[319 
1.266 
1.268 
1.185 


2000 


1.342 
1.365 
1.363 
1.400 
12292 
1:399 
1.307 
1.358 
1.320 
1.348 
1.509 
1.518 
1:515 
1:525 
1.310 
1.366 
1:327 
1.390 
11292 
1205 
1:13 
1.123 
1.286 
1:333 
1.483 
1.534 
1.460 
1.466 
1.314 


4000 


1557 
1.601 
1.574 
1.650 
1.570 
1.638 
1.495 
1.559 
1.524 
12557 
1.800 
1.814 
1.511 
1.554 
1512 
1.607 
1.517 
1.609 
1.394 
1.442 
1.210 
1225 
1.470 
1.573 
1777 
1.855 
1.752 
1.780 
1:502 


6000 


1.724 
1.785 
1.744 
1.845 
1.743 
1.812 
1.648 
1.720 
1.686 
1.724 
2.009 
2.043 
1.659 
1.738 
1.663 
1.789 
1.657 
11772 
1.509 
1.570 
1.293 
1.308 
1.604 
1.738 
1.987 
212 
1.970 
2.026 
1.654 


8000 
1.864 
1.939 
1.888 
2.007 
1.894 
1.962 
1.780 
1.859 
1.828 
1.868 
2.177 
2221 
1.786 
1.891 
1.783 
1.935 
1.768 
1.907 
1:592 
1.671 
1.366 
1379 
1.716 
1.872 
2.163 
22345 
2.143 
2232 
1.792 


10000 


1.986 
2072 
2.014 
2152 
2.028 
2.093 
1.900 
1.985 
КОБУ 
1.998 
2,322 
2.394 
1.900 
2.024 
1.880 
2.054 
1.858 
2022 
1.662 
1.737 
1.428 
1.445 


1.987 
2.028 
2.543 
2.218 
2.409 
1.925 


11000 
2.043 


2.469 


12000 
2.097 
2101 
2:122 
2.278 
2.150 
2.211 
2.008 
2.099 
2.069 
2.126 
2.451 
2:57 


Freezes 


2.083 
1.923 
22 
1.895 
2.073 
1.694 
1,799 
1.456 
1.476 
(2.3941) 
2:059 
2.404 
2.642 
2333 
2.488 
1.990 


2.137 
1.962 
2.154 
1.928 
2.121 
1.724 
1.837 
Freezes 
1.506 


2.089 
2.481 
2.740 
2.379 
2.561 
2.054 





47 (риди, P. W., Proc. Amer. Acad. Arts ane Sci., 
8, 12, 13, extreme purity; 7, 
+ freezes at 9900 kg/cm? at 30°. 


2,107 
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3, 4, 


vol. 59, p. 158, 1923. 
14, 15, commercial. 


10, 11, very pure; 
The de at 11000 is for the solid. 
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TABLE 141.—THERMAL RESISTIVITIES AT 20*C EXPRESSED IN FOURIERS 
FOR A cm? 


The fourier ® is defined as that thermal resistance that will transfer heat energy at the 
rate of 1 joule per sec (1 watt) for each degree (C) temperature difference between the 
terminal surfaces (equivalent roughly to a prism of Ag or Cu 4 cm long by 1 cm? 
CrOSS section). 


ӘНДЕР Sook. ces .239 Макена... в, 170 Rubber * (over 

Соррег ......... .258 Миса го OUO) vac EE 700 
Aluminum ...... 49 laminations 2 200 Wood (Virginia 

Brass (3096 Zn). .93 Firebrick* ) E 200 pine across 

ос. 1.6 [Firebrick 25°C стат) E 710 
Меке ......... 1.7 о ЮО uae 90 .- -Paper * — "TN 1000 
Stee! (1% С)... 2.1 Brick masonry * 250 Asbestos * (wool). 1100 
Constantan ..... 4.4 Leather? ..... A 600 Cork * NE 2000 
Ме: спгу_........ 12.0 Нуавореп. 5 600 Cotton batting 

[ceat 0^ C]. 45 Нага лшббег -nE 610 (loose) 2.2 2500 
CIES V oe 133 Нели... E 690 Wool (loose) ..... 2500 
Goncrete * ...... 140 o D". 4100 


Carbon dioxide .... 6700 


35 Harper, D. R., Journ. Washington Acad. Sci., vol. 18, p. 469, 1928. 

* Substances marked with the asterisk vary widely in thermal conductivity according to composition. 
For limits of such variation, consult International Critical Tables, vol. 2. The figure listed above for any 
such material represents the author's estimate of the ''best guess" for use in those cases where the 
composition of the material is not specified. 

In preparing this table, the author has consulted vol. 2, I.C. T. For still other materials, grateful 
acknowledgment is made to the staff of the National Bureau of Standards for advice in selecting most 
probable values in the light of present information. 
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TABLE 142.—EXPANSION OF THE ELEMENTS * 


Part 1.—Coefficients of linear t thermal expansion of chemical elements (Polycrystalline) 





Coefficient Coefficient 
Temperature n E Temperature pt meas > 
or therma c ог therma TE 
temperature expansion = temperature expansion E 
range x 108 per 5 range х 106 рег = 
Element Є С < Element ae “С < 
Aluminum ... —191100 18.0 eee Goldie om —190 to 16 13-1 195: 
| E p 
to 5 to : 
20 to 600 28.7 0 to 200 TA 
0 to 6. 
Antimony $ .. —190 to 20 8. to10. 4,5,6 
+ 2n 0 100 23 o Tn Indium ...... —180 ю20 26.7 33 
2010500 9.5 to 11.6 о °° 
; Iridium e E —183 to 19 57 5,34 
Arsenie ...... 40 5.6 7 18 to 100 5-6 
; to 1000 : 
Barium ...... 0 to 300 18.1 to 21.0 8 0 to 1700 47 
Berylium .... —120to0 8.1 9,10 
-F 20 to 100 12.3 ШОП fox so se oe —182 to 0 9.1 1235 
20 to 300 14.0 —100 to 0 10.4 30,36 
20 to 700 16.8 0 to 20 11.6 
1200 23.7 20 to 200 ЈЕ 
20% 4 
Bismuth = .... —190 to 17 13- to 17, 5,11 20 to 600 14.7 
— 15 to 100 13. to 14. 20 to 900 15.0 
+ 75 to 265 17.4 
Е.а —190 020 26.7 E. 
Boron 22222. 20 to 750 8.3 12 2 + 20 | Т 291 СЕ 
Т 3 . , , 
Cadmium .... -220 20.6 134 2010300 — 313 41:42 
+ 10 29.7 JN 
Lithium .:. ь —178 17.0 43,44 
20to100 31.8 T эв 36.3 
Calcium ...... 205) 18.0 8,14, 53 45. 
— 50 20.9 15 0 to 95 56. 
+ 30 2235 
20 їо 100 25.2 Magnesium ... —190 to 20 2123 $130; 
0 to 300 22.0 d to 108 БЕО "pA 
to 3 . , , 
ао ое —180 to 0 .4 WEZ 20 ќо 500 29.8 47 
Diamond ... || {078 1.2 18 
to 400 2.8 Manganese: 46,48 
0 to 750 4.5 у B^ i 
Graphite ... 2010100 .óto 4.3 alo phase ао) 1522 
20 to 400 1.3to 4.8 0 to 20 2273 
20 to 800 1.8to 5.3 0 to 100 22.8 
: 0 to 300 52 
Chromium .... —216to0 4.1 19,20 Beta phase.. —183 to 0 12.8 to 20.4 
—100 to 0 5.1 0to20 18.7 to 24.9 
n 108 р ы 5.2 Gamma phase. — 70 to Г 106 
0to700 9.1 to 10.3 oc MEM. 
Molybdenum § . —190 to 0 4.2 2,19, 
Cobalt $$. s 20 о ИП 120 21:22 Е 0000 48 46, 49, 
` 3 to m 2 (о e 50, S1 
x 25 to 500 4.7 tovs: 
Coppen m sess E to 10 11.7 1:25: 27 to 2127 72 
191 to 16 14.1 26,27, ; 4 52 
4. 25 ю 100 16.8 28,29, Neodymium .. 100 to 260 ; 
25to 300 17.8 
Oto 500 18.2 ИРСКЕ ооо —253 to 10 8.1 1,36, 
Oto 1000 20.3 — 192 to 16 10:0 222620 
0 to 100 13. ,93a, 
Germanium ... 20 to 230 6.0 31 0 to 300 14.4 118 
230 to 450 7:3 25 to 600 15:5 
450 to 840 7:5 25 to 900 16.3 


* Compiled by Peter Hidnert and H. S. Krider, of the National Bureau of Standards. е 

+ The coefficient of cubical expansion of an isotropic solid element may be taken as 3 times the coefficient of 
linear expansion within a high degree of approximation (See Part 3 for determined coefficients of cubical ex- 
pansion of some chemical elements.) 

** Numbers refer to authorities given at end of table. 

t The coefficients of expansion depend upon the orientation of the constituent crystals. 

§ The coefficients of expansion depend upon coarseness of grains and treatment of metal. 


(continued) 
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..... 


Озтшт 


Palladium 


Platinum 


Potassium 


Rhodium 


ооо ор 


Rubidium 


Ruthenium 


Selenium: 
Polycrystal- 
line 


Amorphous.. 


Amorphous, 
melted & 
cast 


• .... 


Silicon 


Silver 


. —191 to 16 


. + 13 to 32 
40 


TABLE 142.—EXPANSION OF THE ELEMENTS (continued) 


Coefficient 
of linear 
thermal 

expansion 
х 108 рег 

С 


Coefficient 
Temperature of linear 
ог thermal 
temperature expansion 
range X 108 per 
°С °С 


— 212 (00 
—100 to 0 
0 to 100 
0 to 300 
20 to 1500 


40 


кез 


+ 16 {о 100 
16 їо 500 
16 о 1000 


—191 to 16 
— 90to0 
0 to 100 
0 to 300 
0 to 500 
0 to 1000 


0 to 50 


— 174 

— 92 

— 28 
0 to 100 
0 to 500 
0 to 1000 
0 to 1500 


— 98 to 19 66. 


кӛз 4 ьш 
эооооос шло т оммам 


OO ка 
сл 
toOto MO босо» a Ctnto 00 


— -— 
сс ооба 
— 00 14 о + С 


50 


78 to 19 
20 to 100 
205 
— 78100 
0 to 21 48.7 


tel 


—160 to 0 
0 


> > 
Wn 


2172 
E57 
+ 20% 50 
100 
500 
1000 


—250 to 0 
— 191 to 16 
0 to 100 
20 to 300 
20 to 500 
0 to 900 


+ | 


ООо ом волю. © 
ао cocoa wo 


о оо = 


== 
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Authority 


14,23, 


57 


19,58, 
59,60 


61 
7,62 


63,37 


14,58, 
64 


2,30, 
39 
26,65, 
66,67 


Тетрегаште 
ог 
temperature 
range 
Element “С 
Sodium 


0 to 50 
0 to 95 


. —190 to 20 
+ 20 «о 100 
20 to 300 
20 ю 500 
27 to 1400 
27 to 2400 


Tantalum 


Tellurium’ .... 40 


0 to 100 
0 to 200 


Thallium 


—216 to 20 

+ 20 to 100 
20 to 300 
20 to 600 


Thorium 


—183 to 20 
+ 18 to 100 
25 to 200 


eoovaveeenrn 


—195 to 20 

+ 20 to 200 
20 to 400 
20 to 600 
20 to 800 


..... 


—190 to 0 
— 100 to 0 
0 to 100 
0 to 300 
0 to 650 
27 to 1000 
27 to 1750 
27 to 2400 


Tungsten ..... 
(Wolfram) 


. —183 to 0 
0 to 40 


Vanadium 


—183 to 18 
-- 20 to 100 
20 to 200 
20 to 300 


core er eee 


Zirconium 


+ 20 to 200 
20 to 400 
20 to 700 


(continued) 


59.8 
68.2 
70. 
71. 


ей кәй іні 
ко Гое О 
MI C 00 


о № 
DI 
Со со 
= = 


м 
© оосо о\ 
— о N00 


(ntn da dida dA 2 
сом МС с + к оо 


СА 
оо © 


сә сә = 
ео 


vonas 
—— AO o 


oo 
hw bo 


to 10. 
to 40. 
to 40. 
to 39. 


etc 
oo 


~ 05 


Cn tn 
. . 
юм 


оо 


Authority 


2,46, 
78,79, 
80,81 


14 


5-13, 
32,38, 
47,82 
83 


14,19, 
72 
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Part 2.—Coefficients of linear i thermal expansion of chemical elements (crystals) 





Coefhicent of linear 


Temperature thermal expansion 
or per °C 
temperature 
range Parallel to Perpendicular 
Element © axis to axis Authority 
Antimony ес о о осе nme —215 to 4-20 16.0x 10-9 7.0x 10-9 6,7,19,84 
+ 15% 25 15.6 че 
0 (о 100 16.8 a 
20 to 200 V 8.4 
20 to 400 8.1 
Arsenie о е. 30 to 75 3.2 to 6.8 TE. 62 
Beryllium и. —150 1.6 2.8 19,85 
+ 10 8.6 11.7 
18 to 220 10.4 15.0 
18 іо 454 181 1577 
BISMUTH oraaa о еа E —140 15.9 10.5 19,86,87 
+ 30 16.2 11.6 
20 to 260 16.5 T: 
20 to 240 12.0 
C3dmium. ое. ее —190 to 18 48.2 18.5 13,88,89,90 
+ 20 «о 100 50.4 18.9 
Сагђоп 
варите. Е —195 to 0 SS 4.8 19,91,92 
0 to 40 же 6.6 
0 to 500 172 1.3 
0 to 1000 18.8 1.8 
0 to 1500 20.7 2.0 
0 to 2300 23 2.4 
20 to 870 26.7 E 
СОВА а MD а e Ets 33 to 100 16.1 12.6 89 
ПОЕМИ UE E cea yes — 17009 56. 13. 93 
+ 23 to 87 45.0 11.7 94 
ео 20 to 100 26.4 25.6 95 
20 to 200 27.7 26.6 
Ме... ан —190 to —160 42.6 33.4 96,97 
—188 to —79 47.0 37.5 
—120 49.6 37.5 
OSMIUM e os e И + 50 5.8 4.0 98 
250 6.6 4.6 
500 8.3 5.8 
Rhenium о... 20 і 1917 12.4 4.7 99 
Ruthenium ш. шеше с 50 8.8 5.9 98 
250 9.8 6.4 
550 11.7 7.6 
Selenium. o. rcp no» 15 to 55 —17.9 е 100 
20 «о 60 ЗА 74.1 
Tellurium ....... о а 20 — 1.6 27,2 100,101 
20 to 60 - 1.7 27.0 
Пат О: To A 32 to 91 +72. 9. 94 
Тин: сие —195 то 20 25.9 14.1 19,94,102 
0 to 20 29.0 15.8 
-- 141025 Save 16.8 
34 to 194 45.8 25.7 
Ao ОГО К ы T —190 to 18 49.5 ł1.3 13,32,88,103,104 
+ 200 100 64.0 14.1 
0 to 250 56. 15. 
20 to 400 59. 16. 
ИС. а EE i esa 0 to 100 4. 13. 89,105 


T If there is random orientation of the crystals in a polycrystalline element such as antimony or cadmium, the 
coefficient of linear expansion of the polycrystalline element may be computed from the following equation: 


а = І (all + 2a1) 


where all is the coefficient of linear expansion of the crystal parallel to its axis, and a| is the coefficient of 
linear expansion of the crystal in the direction perpendicular to its axis. (See Part 1 for determined coefficients 
of linear expansion of polycrystalline elements.) 
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148 TABLE 142.—9EXPANSION OF THE ELEMENTS (concluded) 
Part 3.—Coefficients of cublcal thermal expansion of chemical elements 
Coefficient Coefficient 
Temperature of cubical Le] Temperature of cubical > 
ог thermal E or thermal Е 
temperature expansion A temperature expansion 8 
range x 108 per = гапре x 109 per 3 
Element 5 "C < Element °С С < 
Cadmium 100 91. 106 Potassium .... 0to55 240 57, 
210 105. 108, 
250 110. 114 
Carbon: Rubidium 0to38 270 108 
Diamond ... 27 3.2 107 
25 to 650 9.1 Selenium: 
Compressed . О о 100 175 116 
Сезїшт ...... 0to23 291. 108 Not com- 
pressed О ќо 100 198 
оп. 100 35.6 106 
300 39.4 Sodium ...... —186 to 17 186 111, 
Ою 53 207 69, 
Сайит ...... - 7818 56: 109, Ою 79 208 114, 
0 о 29.6 55. 110 20 40 95 226 ios: 
11 
TIodine S... —195to 25 204. «0251. 111, 
+ 10 {040 264. 112; Sulfur 
113 Rhombic . —273 10 18 139 112 
—195to 18 164 116 
ШИН ces 0 о 100 162. 114 — 79to18 180 
0to178 170. Crystallized . О о 100 354 
Sicilian ... Oto 100 260 
Nickel ....... 100 38.2 106 
200 41.9 Те AN: 80 68 106 
300 46.5 140 78 
190 89 
Phosphorus . —273 to 19 317. 112, 
—195to 19 398. 115 ZINC .. С. 50 89 32, 
— 79.019 362. 200 104 106 
0044 372. 300 110 


Authorities 


1. Nix and MacNair, 1941; 2. Nix and MacNair, 1942; 3. Hidnert, 1923; 4. Dorsey, 1907 ; 
5. Grüneisen, 1910; 6. Hidnert, 1935; 7. Fizeau, 1869; 8. Cath and Steenis, 1936; 9. Hidnert 
and Sweeney, 1927 ; 10. Losana, 1939; 11. Jacobs and Goetz, 1937; 12. Dupuy & Hackspill, 1933; 
13. Grüneisen & Goens, 1924; 14. Erfling, 1942; 15. Bastien, 1934; 16. Rontgen, 1912; 17. Joly, 
1898; 18. Hidnert, 1934; 19. Erfling, 1939; 20. Hidnert, 1941; 21. Schulze, 1927; 22. Masumoto, 
1931; 23. Hidnert and Krider, 1933; 24. Matthies, 1936; 25. Krupkowski, 1929; 26. Henning, 
1907; 27. Aoyama and Ito, 1939; 28. Hidnert, 1922; 29. Dittenberger, 1902; 30. Esser and 
Eusterbrock, 1941; 31. Nitka, 1937; 32. Austin, 1932; 33. Hidnert and Blair, 1943; 34. Holborn 
and Valentiner, 1907; 35. Hidnert, 1942; 36. Souder and Hidnert, 1922; 37. Dorsey, 1908; 
38. Lindemann, 1911; 39. Ebert, 1928; 40. Rauramo and Saarialho, 1911; 41. Friend and 
Vallance, 1924; 42. Hidnert and Sweeney, 1932; 43. Simon and Bergman, 1930; 44. Bridgman, 
1936; 45. Hidnert and Sweeney, 1928; 46. Disch, 1921; 47. Schulze, 1921; 48. Erfling, 1940; 
49. Schad and Hidnert, 1919; 50. Hidnert and Gero, 1924; 51. Worthing, 1926; 52. Jaeger, 
Bottema, and Rosenbohm, 1938; 53. Souder and Hidnert, 1922; 53a. Hidnert, 1930; 54. Scheel, 
1907; 55. Holzmann, 1931; 56. Scheel and Heuse, 1907; 57. Hagan, 1911; 58. Valentiner and 
Wallot, 1915; 59. Sweeney, 1929; 60. Ebert, 1938; 61. Hume-Rothery and Lonsdale, 1945; 
62. Bridgman, 1933; 63. Borelius and Paulson, 1946; 64. Schulze, 1930; 65. Keesom and 
Jansen, 1927; 66. Scheel, 1921; 67. Owen and Roberts, 1939; 68. Siegel and Quimby, 1938; 
69. Hagan, 1883; 70. Hidnert, 1929; 71. Hidnert and Sweeney, 1933; 72. Kroll, 1939; 73. Grube 
and Vosskiihler, 1934; 74. Bochvar and Maurakh, 1930; 75. Hidnert, 1943; 76. Greiner and 
Ellis, 1948; 77. Adenstedt, 1949; 78. Hidnert and Sweeney, 1924; 79. Dodge, 1918; 80. Forsythe, 
1927; 81. Worthing , 1917; 82. Souder and Hidnert, 1924; 83. Bauer and Sieglerschmidt, 1929; 
84. Bridgman, 1924; 85. Kossolapow and Trapesnikow, 1936; 86. Roberts, 1924; 87. Goetz and 
Hergenrother, 1932; 88. McLennan and Monkman, 1929; 89. Shinoda, 1934; 90. Kossolapow 
and Trapesnikow, 1935; 91. Pierry, 1946; 92. Backhurst, 1922; 93. Frevel and Ott, 1935; 
94. Shinoda, 1933; 95. Goens and Schmid, 1931; 96. Hill, 1935; 97. Griineisen and Sckell, 
1934; 98. Owen and Roberts, 1937; 99. Becker, 1931; 100. Straumanis, 1940; 101. Bridgman, 
1925; 102. Ievens, Straumanis, and Karlsons, 1938; 103. Staker, 1942; 104. Owen and Iball, 
1933: 105. Pfaff, 1859; 106. Uffelmann, 1930: 107. Krishnan, 1944; 108. Hackspill, 1913; 
109. Klemm, 1931; 110. Richards and Boyer, 1921; 111. Dewar, 1902; 112. Sapper and Biltz, 
1931: 113. Straumanis and Sauka, 1942; 114. Bernini and Cantoni, 1914; 115. Leduc, 1891; 
116. Spring, 1881; 117. Griffiths and Griffiths, 1915; 118. Schad, 1927. 
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TABLE 143.—COEFFICIENTS OF LINEAR THERMAL EXPANSION OF 


SOME ALLOYS * 





Temperature 
or tempera- 
ture range 

Alloy t °С 
Aluminum-beryllium, 4.2 to 327 Be........ 20 to 100 
20 to 500 
Alumimum-copper, 99°Cu ................. 20 to 100 
20 to 300 
BON IO с... о И 20 to 100 
20 to 300 
Aluminum-nickel, 3.4 Ni .................. 20 to 100 
20 to 300 
DOR Г. 20 «о 100 
20 to 300 
Aluminum-silicon, 4.2 to 12.6 Si............ 20 to 100 
20 to 300 
ПОРАИ. ЕЕ... 20 to 100 
20 to 300 
JO SI мш. О re 20 to 100 
20 to 300 
Aluminum-zince v0 to 50 2п...2........... 20 to 100 
Brass ООО ЛД uo Er. re Sr Aes 25 to 100 
25 to 300 
Bronze, 4.2 to Sn 5. с па Tes 25 to 100 
25 to 300 
а ОВ ee ea 20 to 100 
20 to 400 
Cobalt-iron-chromium, 53.0 to 55.5 Co, 35.0 
OS Fe 90to Се о. 20 to 60 
Copper-beryllium, 3.0 Си.................. 20 to 100 
20 to 300 
Copper nickel, 19.5 Noein eres 162 (00 
0 to 40 
АО СГ: ле ан —182 100 
0 to 40 
Copper-tin (see Bronze) 
Copper-zinc (see Brass) 
Dumet: 
Кыса Т T 20 to 300 
Ва ооо... 20 to 300 
Шана cos css a oe о есче 20 to 100 
20 to 500 
Bernico, 54 Бе 3) Ni, 15 Co............... 25 to 300 
(рат О Ке, 36 Мї\................»...... 0 to 100 
Tron-aluminum, .5 to 10.5 Al............... 20 to 100 
Iron-chromium, 1 to 40 Cr................. 20 to 100 


Coefficient 1 
of linear 
thermal ex- 
pansion | x 10$ 
per "С 


22.4 to 17.8 
26.6 to 22.2 


22.0 
23.8 
197 
20.8 


21:9 
237 
18.2 
19.5 


22.2 to 19.4 
24.8 to 22.1 
18.5 
19.0 
14.7 
17.1 


23.6 to 26.5 


16.9 to 197 
17.7 to 21.2 


17.1 to 17.8 
17.8 to 19.0 


8.7 to 11.1 
11.5 to 12.7 


—1.1 to +1.7 


15.9 to 17.3 
16.4 to 17.4 


13.0 
14.7 
11.8 
13.7 


21.9 to 2 
25.4 to 2 


5.0 

0 to 2 
11.6 to 122 
12.410 9.4 


6.8 
8.0 to 10.0 
3.8 
7:0 


* Compiled by Peter Hidnert and H. S. Krider, National Bureau of Standards. 


f Chemical composition is „given in percent by weight. 
position and treatment. 


(continued) 
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Authority 
1 жж 


2/2 


ч 


10 


11 
12 
13 
12 


I Coefficient of expansion varies with com- 
* Numbers refer to authorities given at end of table. 
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TABLE 143.—COEFFICIENTS OF LINEAR THERMAL EXPANSION OF 


SOME ALLOYS (continued) 


Alloy 
Iron*cobalt 99 to 494 €o...........——..... 


Iron-manganese, 2.8 to 14.4 Mn............ 


Teamemckel, 3.6 NINE. ..... 2E. 
34.5 МОВ ..... РИТ. 
JO NI X осе НЕ 


Iron-nickel-chromium, 6.6 to 74.7 Fe, 1.3 to 
ОЛ МІ, 4.0 0 264 Сг... ЕРЕ 
Iron-nickel-cobalt, 62.5 to 64.0 Fe, 30.5 to 
64.0 № 3.5 © 60 Со...... ES. 
GS Be 3.8 МОИ Со...... ШШ... 


587 Fe, 32.4 М, 8.2 Со...... 277... 


Icen-silicon, L0:t0/84 S1... ES... 
Кайа! (А, А-1 зоо)... ..... 
Kor (see Fernico) 

Lead-aritimony, 2.9 {о 39.6 $Ь.............. 


Magnesium-aluminum, 10.4 Al............. 


Марпезішт-2іСс 201222007000 2.22... 
Од ОТ... 


Manganin eec Oe TEE... 


Nickel silver, 62.0 to 63.2 Cu, 10.0 to 20.2 Ni, 
17:4 to-27.1:Zn- 2 T TED... 


Temperature 
or tempera- 


ше 
30 to 100 
20 to 100 


20 to 100 
20 to 100 

0 to 100 
30 to 100 


20 to 100 


20 to 1000 


20 

20 to 100 
20 to 240 
20 to 200 
20 to 295 


20 to 100 


20 to 100 
20 to 900 


20 to 100 


20 to 100 
20 to 200 
0 to 100 
0 to 200 


30 to 100 
30 to 300 
30 to 100 
30 to 300 


40 to 100 
40 to 100 


20 to 100 
0 to 400 
0 to 800 


25 to 100 
25 to 600 


20 to 100 


20 to 1000 


20 to 100 


20 to 1000 


0 to 100 
0 to 400 


Coefficient 


of linear 
thermal ex- 
pansion X 109 
рег °С Authority 
11.2to 9.3 14 
12.7 to 16.9 I5 
10.9 15412: 
37 14 
0 to 2 
4.1to 97 
8.7 to 18.4 16 
13.1 to 20.6 
Oto .5 14, 17 
9 
2.4 
127 
2.6 
12.2 to 11.3 13 
11.4 to 117 18 
139 to 15.1 
28.2 to 20.4 8 
25.9 19, 20 
272 
23.7 
25.1 
24.3 21 
24.7 
zl 
21:3 
29.5 22 
30.2 
18.1 23,24 
18.9 
211 
13.5 to 14,5 15, 13 
15.9 to 16.7 
13.0 16 25 
17.2 
13.5 
17.7 
14.8 to 15.4 26 
16.8 to 17.4 


§ Composition of Kanthal: A: 68.5 Fe, 23.4 Cr, 6.2 Al, 1.9 Co, 0.06 C; A-1: 69.0 Fe, 23.4 Cr, 5.7 Al, 
1.9 Co, 0.06 C; D: 70.9 Fe, 22.6 Cr, 4.5 Al, 2.0 Co, 0.09 C. 


(continued) 
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TABLE 143.—COEFFICIENTS OF LINEAR THERMAL EXPANSION OF 
SOME ALLOYS (concluded) 


Coefficient 
Temperature of linear 
or tempera- thermal ex- 
ture range pansion X 108 
Alloy il рег °С Authority 
Баса 22 .... — 190 10 0 ie 27 
0 to 100 8.3 
0 to 1000 9.6 
0 to 1600 10.5 
Platnum- rhodium, 20 КПТ ....... 0 to 500 9.6 28 
0 to 1000 10.4 
0 to 1400 11.0 
Еее ее ооа. 20 to 100 8.8 to 14.4 12 
SES Ixnless chromium Irons... a sesso 20 to 100 9.4 to 10.7 12 
СНПС 2-2. 2Тт е”... 20 «о 100 16.0 29 
Sta mess {се 12 (Cro. eu КО ..... 20 to 100 10.0 30, 16 
ИСТ СМИ Е... 20 100 16.4 
Stellite, 55 to 80 Co, 20 to 40 Cr, 0 to 10 W, 
Eo 7S EE Les eee satum tr 20 to 100 11.0 to 14.1 3l 
20 to 600 13.6 to 16:5 
ecu carbide mee rere ree 20 to 2377 8.2 22 
Филе еп сагызае --59 Со 2-............. 20 to 100 4.5 33 
20 to 409 5:2 
ate 30) COME cae sa 5% 20 to 100 52 
20 to 400 6.0 
Иш лип, 22.6 АГ.................... 20 to 100 26.0 34, 4 
20 to 200 28. 
О М C Lu cd ЖОЙ ә... 20 to 100 26.5 
20 to 200 24.0 


| Coefficients of expansion of other S.\E steels (free-cutting, manganese, nickel, nickel-chromium, molyb- 
denum, chromium, chromium-vanadium and chromium-nickel austenitic steels) are given in Metals Hand- 
book of the American Society for Metals. 


n———————————————————————M—ÀM 


Authorities 


]. Hidnert and Sweeney, 1927; 2. Kempf, 1933; 3. Hidnert, 1925; 4. Schulze, 1921; 
5. Hidnert, 1921; 6. Bolton, 1936; 7. Masumoto, 1934; 8. Hidnert, 1936; 9. Aoyama and 
Ito, 1938; 10. Hull and Burger, 1934; 11. Hull, Burger, and Navias, 1941; 12. Various; 
13. Schulze, 1928; 14. Masumoto, 1931; 15. Souder and Hidnert, 1922; 16. Hidnert, 1931 ; 
17. Scott, 1930; 18. Hidnert, 1938; 19. Hidnert and Sweeney, 1928; 20. Takahasi and 
Kikuti, 1936; 21. Grube and Vosskuhler, 1934; 22. Grube and Burkhardt, 1929; 23. 
Schulze, 1933; 24. Ebert, 1935; 25. Dean, 1930; 26. Cook, 1936; 27. Physikalische-Tech- 
nische Reichanstalt, 1920; 28. Day and Sosman, 1910; 29. Scheel, 1921; 30. Hidnert, 1928 ; 
o Souder and Hidnert, 1921 ; 32. Becker and Ewest, 1930; 33. Hidnert, 1937 ; 34. Hidnert, 
1924. 
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TABLE 144.—COEFFICIENTS OF LINEAR THERMAL EXPANSION OF SOME 
MISCELLANEOUS MATERIALS * 





Tempera- Coefficient Tempera- Coefficient 
ture or of linear ture or of linear 
tempera- thermal tempera- thermal! 
ture expansion ture expansion 
range x 109 Au- range » 109 Au- 
Material °С per ^C thority Material 2 per °C thority 
Alum: p** Mica, muscovite: 
Ammonium 20 to 50 9.5 Parallel to 
Ammonium cleavage 
chrome 2010 50 10.6 plane ....« : 010 100 8.5 14 
Potassium 20950 11.0 Perpendicular 
Thallium 2019507 13.1 to cleavage 
plane f 20to 300 8:025 15 
Amber v. esr 0to SO 53 2 
Mica, phlogopite: 
Bakelite naes aes 20 10 60 21033 3 || to cleavage 
plane ..... 0to100 13.5 14 
Вет... 20 to 100 .3 to 1.6 4 j to cleavage 
Brick, clay build- plane t 20 to 100 1 to 179 15 
Inga ous . — 10to+40 3.0to 12.4 5 
Porcelain ...... 20 to 200 1.6 to 19.6 3 
Carborundum 0to500 7.3 6 
0 101000 8.4 Quartz, crystal- 16 
0to 1800 9.2 line 
Concrete” 2.06.55 — 13to+27 6.8to 12.7 7 | о о 2.2... 0to 100 8.0 
— 13 ќо +88 7.5 їо 14.0 Ota 300 9.6 
Oto 500 12.2 
Dental amalgam. 20% 50 22 to 28 8 Besta axis ,„.-. Oto 100 14.4 
Oto 300 16.9 
Glass: 9 Oto 500 20.9 
Miscellaneous. 0 to 300 .8 to 12.8 Quartz, fused 
GOK. arouse 2010100 3.1 to 3.5 (Са) ,... 20 to 100 5 9 
20 to 300 3.0 to 3.6 20 to 1000 29 
Granites (Ameri- Rocks (Ameri- 
сап, 22.2. — 20 to 60 4.8 to 8.3 10 can): 17 
Igneous ..... 20 to 190 3.4 {о 11.9 
ПСО s — 250 — 6.1 11 Sedimentary .. 20 ю 100 2710122 
—200 + .8 Metamorphic.. 20to 100 2.3 to 11.0 
— 150 16.8 
— 100 33.9 Rubber (hard)t. § 50 to 84 9 
— 50 45.6 
0 52.7 ІЛЕ. 20to 100 6.3 to 8.3 17 
Magnesia ...... 20to 500 12.4 5:12, Tooth: 
20 to 1000 13.7 13 КОО! уу-у... 20 «о 50 8.3 8 
Across crown. 20 їо 50 11.4 
Marble. ocea: 25to 100 5{о16 Э Root and 
CLOWN urs. 20 to 50 7.8 
Wood: 
Along grain.. 8 Т ТӨРІ 9 


Across grain.. 


=e Numhers refer to 
‘vulcanite.”’ $ Vari- 


National Bureau of Standards. 


* Compiled hy Peter Hidnert and H. S. Krider, 
ft includes terms ‘‘ebonite’”’ and ‘ 


authorities given helow. t With load of 30 lh/in. 2 
ous temperature ranges between 0°C and 100°C. 


Authorities 


1. Klug and Alexander, 1942; 2. Sweeney, 1928; 3. Souder and Hidnert, 1919; 4. Geller and 
Insley, 1932; 5. Ross, 1941: 6. Ebert and Tingwaldt, 1936; 7. Koenitzer, 1936; 8. Souder and 
Peters, 1920; 9. Various; 10. Hockman and Kessler, 1950; 11. Jakob and Erk, 1928; 12. White, 
1938; 13. Austin, 1931; 14. Ebert, 1935; 15. Hidnert and Dickson, 1945; 16. Compiled by Sos- 
man, 1927; 17. Griffith, 1936. 
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If V, is the volume at 0° then at £^ the expansion formula is V,—V«(1-- at 4- 
ВЕ + ү). The table gives values of a, B and y and k, the true coefficient of cubical 


expansion, at 20? for some liquids and solutions. 


observation. 


Liquid 


[Асе аса ООО... rot es 


Acetone 
Alcohol: 


БП. 


Ethyl, 30% by vol. 
“. 50% “ 
оз Ж 


К ооой аит  ргевв. а и 


5” 3000” 
Methyl 
Benzene 
Bromine 
Calcium chloride : 
5.8% solution 
40.9% 


3000 ^" S o uc M 
Carbon tetrachloride 2. 
Chbrolorm ............... 
о ОРО TERT ЛКК 
([сргїпе .................. 


Hydrochloric acid: 


СО О solution осе на. 
а Р E 
(ODISSE «votes vt E. 


Pentane 
Potassium chloride: 


24.306 solution meskes: < =< 


Phenol 
Petroleum: 


Density 84O ТРЕ 


Sodium chloride: 


201690 solution он он 


Sodium sulfate : 


2452. зојиноп. аса и. 


Sulfuric acid: 


10:99. solution #.......... 


100.0% 


Дирсе caso ОО шея» 


Water 
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• • • я ө ө е о « ө ә э с # «а оа е 8 


* аз э е а + = + 
* е а ө ө о 
• 4 9 9 с « € с 9 э 9 ө « 9 * ео а 
° ө е « * е 3 өе ө + 9? ә # « ө ө * « 


* ө 9 а 9 9 ө ө э э ө 


Carbon disulfide... <<. eens 
500 atm pressure ........ 


* е « • « с ө с а « • « ө ә е ө «а ө « 


e « 9 9 ө е ө с « « э ө ө ө ө ө • о оо ө 


ДЕ 
RC 


16-107 


0-54 


--15-80 
18-39 
0-39 
27-46 
0-40 
0-40 
0-61 
11-81 
0-59 


18-25 
17-24 
—34-60 
0-50 
0-50 
0-76 
0-63 
— 15-38 


0-33 


0-100 


0-33 
16-25 


36-157 
24-120 


0-29 
11-40 


0-30 
0-30 


-- 9-106 


0-33 





а 108 
1.0630 
1.3240 


9001 
.2928 
.7450 
1.012 
‚866 
‚524 
1.1342 
1.17626 
1.06218 


07878 
42383 
1.13980 
.940 
.581 
1.18384 
1.10715 
1.51324 
4853 


„4460 

‚18182 

.6821 
1.4646 


.2695 
8340 


8994 
„3640 
3590 
.2835 


.5758 
9003 


— 06427 


B 109 


.12636 


3.8090 


‚6573 


10.790 
1.85 
2.20 


13035 


1777/0 
1.87714 


4.2742 


18571 


1.37065 


— 


89881 
4.66473 
2.35918 


.4895 
215 


.0078 


1.1405 


3.09519 


2.080 


10732 


1.396 
12227 
1.258 


у 108 
1.0876 
— .87983 


1.18458 
--11.87 
730 


8741 
“80648 
— 30854 


1.91225 


1.35135 
— 174328 
4.00512 


NS 
1.6084 


4446 


— 44998 
— 6.7900 


At is the temperature range of the 


.207 


154 TABLE 146.—THERMAL EXPANSION OF GASES 


Coefficient at constant volume 


Pressure 
Substance cmHg 
П: 6 

Ms МИН... <а 1.3 

ШІ... 10.0 

EE 2277” 25.4 

ЖЕГІ. 22-2 75.2 

0100 .......... 100.1 

БТ... Oe 76.0 

EE o о eA 200.0 

КИЕ 2000. 

и ТТ ОА 10000. 
Акоп ..Ш....... 51.7 
Carbon dioxide uM E 

M MS 5.6 
а Жы 74.9 
s “ 0°-20° 51.8 
" “ 0°-40° 51.8 
S “ 0°-100° 51.8 
+ “ (09-209 99.8 
“ “ 0°-100° 99.8 
“ * 09-100? 100.0 
Carbon monoxide ... 76. 
НешШт ............ 56.7 
Hydrogen 16°-132°.. 0077 
: 152-132*. . .025 
г 12°-185°.. 47 
Қ зи... 93 
B COM. 11.2 
ЕЕ v h 76.4 
р 0°-100°.. 100.0 
Nitrogen 13°-132°... ‚06 
и 9°-133°... „53 
i 0°-20°.... 1002 
e 0°-100°... 1002 
En у... 76. 
Oxygen 11°-132°.... .007 
E: 9°-132°.... 25 
x 11°-132°.... „51 
Eum m uu. 1.9 
EM 277... a 18.5 
INE SM... 75.9 
Nitrous oxide ....... 76. 


Sulfur dioxide SO;.. 76. 
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Temperatures in °C 


Coefficient at constant pressure 


Coeffi- 


cient 

Pressure х 

Substance cmHg 100 
AU nu co Ca 76. .3671 
В. 257. .3693 
090—100... 100.1 .36728 
Hydrogen 0°-100°... 100.0 „36600 

P c ss 200 Atm. .332 

MR ans 400 “ 295 

EN D us 600 “ 261 

y сИ 800 “ 242 
Carbon dioxide ..... 76. .3710 
ү “ 0°-20°.. 51.8 37128 
К “ 0°-40°.. 51.8 .37100 
E * 09-1009. 51.8 .37073 
к “ 0°-20°.. 99.8 .37602 
К “ 0°-100°. 99.8 .37410 
E “ 0°-20°.. 1377 37972 
E “ 0°-100°. 137.7 37703 

8 “ 0°-7.5° 2621 1097 

ч “ 64°-100°. 2621 .6574 
Carbon monoxide ... 76. „3669 
Nitrous oxide ....... 76. .3719 
Sulfur dioxide ...... * 76. .3903 
5 LETS so 98. .3980 
09--1199 76. 4187 

0°-141° 76. 4189 

Water-vapor 4 0?-162? 76. .4071 
0°~200° 76. .3938 

09-2479 76. .3799 


Thomson has given (Encycl Brit. 
"Heat") the following for the calculation 
of the expansion, E, between 0° and 
100*C. Expansion is to be taken as the 
change of volume under constant pres- 
sure: 

Hydrogen, E — .3662(1 — .00049 V /v) 

Air, E —.3662(1— .0026 V/v) 

Oxygen, Е = .3662(1 — .0032 V/v) 

Nitrogen, E —.3662(1 —.0031 V/v) 

CO; Е = .3662(1— .0164 V/v) 

V /v is the ratio of the actual density of 


the gas at 0°C to what it would have at 
0°С and 1 atm pressure. 


TABLES 147-158.—SPECIFIC HEAT 


TABLE 147.—SPECIFIC HEAT OF THE CHEMICAL ELEMENTS 


When one temperature is given the true specific heat is given, otherwise the mean specific 


heat cal ^C g^! between the given limits. 


Element ТС 

А ИЛИ .......... ES) 
—200 

--150 

--100 

-- 50 


100 


ПОП с с... --207.1 


JABSODIC 22222 2... —216 


Баш ....... —185, +20 
БЕРІШ ........... --202 


Bismuth ш... —]50 


Бе 2-22... 0. 265 
Са messes 24 


Carbon, graph.. —191, —79 


С, ййатопа ......... 0 
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Sp ht Element C 
.0039 CUM >... т — 253, —196 
076 20, 100 
ce о e 0, 24 
. Wie... a —150 
1914 Chromium E 
.2079 SED) 
(225 0 
‚248 100 
КОЙ Un. 
212 6 
| is im 
0448 Cobalt о а E: m 
: 100 
.0494 0 
0477 20 
0504 
100 
032 
0666 Соррег M oo EO е — 189 
078 — 150 
068 —100 
017 a | 
425 100 
0264 ТШ 
18, 100 
0273 
18, 600 
0282 ) 
0291 Callum в. —258.1 
0294 ZI 
0304 | =~ 7/3] 
0292 Germanium ......... 0, 100 
.287 Са... —258.1 
472 —252.8 
.510 2-209 5 
.168 — 150 
.307 --100 
0205 -- 50 
0659 0 
080 18 
088 100 
107 Indium ооа 0, 100 
0019 Теше. coelos --263.2 
0415 --255.9 
0518 SIN 
0552 BED, 
0569 Ја ага e —186, +18 
.060 18, 100 
0482 шоп риге КОО у. —256.2 
165 —2407 
.1625 — 2140 
.188 es 
057 0 
w т ИН 100 
| 500 
055 
760 
112 
1000 
177 
454 ЖЕУ eee 100 
1044 700 
.264 1000 
.428 Кап апп о. 0, 100 
(continued) 


Sp ht 


.033 
.0511 
226 
‚0599 
0797 
0941 
1044 
ДИС 
‚150 
187 
4111 
‚0672 
0809 
‚0914 
‚1028 
‚1001 
.1067 
1134 
‚0506 
0674 
‚0783 
0862 
0910 
0939 
12359 
‚0928 
„0994 
0049 
044 
.084 
.074 
.0018 
.0040 
.0211 
.0266 
.0281 
10293 
.0302 
.0312 
.0314 
.057 
.0037 
.0118 
10355 
.0485 
.0282 
0323 
‚00067 
00355 
0194 
0512 
‚0939 
1043 
115 
163 
320 
162 
127 
92 
162 
0448 


156 | 
TABLE 147.—SPECIFIC HEAT OF THE CHEMICAL ELEMENTS (continued) 


Element IG Sp ht Element t? Sp ht 
Lead”; See 7 —270 00001 Phosphorus, yellow... —136 124 
E767 .00086 ЕЕ 740 165 
--259 0073 S0 .189 
—150 .0279 red ..... —136 .107 
RS 0283 — 40) 182 
= 50 .0289 + 9 .190 
n i Platinum ........... —2556 001 2 
300 0356 =1017 и 
ae 360 0375 9 ] 0261 
500 0370 — 648 0307 
Pithiom ............. —183 3 | 0 0316 
—100 .600 500 .0349 
50 96 750 0365 
+190 1.374 1000 0381 
Magnesium ......... —150 1767 1200 0400 
=.) -2025 20, 100 0319 
22 2228 20, 1000 0346 
T p Potassium mm... Bo n 
2m A Fis 140 
m. E 650, 775 284 m p 1/2 
Мапрапезе .... —188, —79 0820 90 200 
Е ОС РИИ E : 
ГЭ ТЕБЕ .1091 18] 196 
Poe с КИ ли ОИ ОЕ 0, 20 035 
20. 100 1211 Кро ит он 10, и T 
m | кал С. 3 
и 1/2 D MN И 0908 
100 1 143 Ruthenium UENIRE Us ais Я А 
Меженгу (5) 2... 2223 .00552 Selenium ........... К, 5 u 
—267.2 00620 ЖАР 
20.5 077 
—259.8 00783 
—2456 0172 O° ae 
222202 0255 38 131 
— 163.7 .0298 417 130 
-- 81.4 0324 20 `09 
— 43.1 .0337 2 : 
ы... Ж ] Silicon 2099299 07 Е. .029 
0 MT M P os — 1433 087 
OR | — B5 126 
aay 0333 86.2 1 
Molybdenum ........ —257 .0004 + 13.9 lo 
—239.1 ‚0034 18.2, 99.1 е 
= 18.0, 900.6 .210 
1815 10300 | . 
--1527 0399 бео ле EE СО, по 
— 34. ‚0561 = . 
0 р ЕШ --100 ‚0505 
4 53 Пс — 50 0537 
v ee 100 n 
250 .0632 · 
М a. —258 0008 300 0601 
—2479 10024 900 0685 
zs» 0363 20-900 „0650 
—150 0660 20-1200 ‚0880 
—100 0817 Sadum -1 27202 Е. d 
— 50 .0940 --238. at 
0 ‚1032 2 bg .245 
100 .1146 CDE oaa 100 32 
500 .1270 Suar с a —188, +18 T37 
800 .1413 ПО: а 115, 160 .220 
О сд... 19, 98 40311 Om e 15, 96 .176 
Palladium ..... —180, +18 .0528 monoclinic ........ 0, 52 181 
т. DA Tantalum 99 sss uu nea 
| 4.38 
500 ‚0653 900 „036 
900 ‚0717 1100 ‚043 
1500 0766 1400 044 
(continued) 
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ЕЗІ 
TABLE 147.—SPECIFIC HEAT OF THE CHEMICAL ELEMENTS (concluded) 


Element T Sp ht Element РС Sp ht 
Тейит... — 188, +18 .047 о Ж —247.1 .0012 
15, 100 .0483 —218.4 .0098 
15, 200 0487 —1731 ‚0205 
TRAIO uere --135 .288 — 73.1 0288 
28 STI + 26.9 10221 
20, 100 .0326 ou. o? 

Thorium ..... --253, --196 0197 . 
0, 100 0276 1000 -0367 
П. 27085 0255 | 1500 0390 
—186.7 0422 Uranium Meere. 0, 98 .0280 
— 150 0450 Мапа а таи cde 0, 100 1153 
i Глас а 2222” 0, 100 .095 

—100 0483 
--252.4 0071 
-- 50 0512 

—201.3 0573 
0 0536 —150 0740 

25 0548 5 
a 100 0814 
100 0577 E 0871 
1100 0758 0 0913 
Titanium 22. —185, +20 082 100 0957 
0, 100 1125 300 ‚1043 
400 1089 


TABLE 148—FORMULAE FOR TRUE SPECIFIC HEATS 


Range 
Element sm 

Aunt demo p TP .0493 + .0000121 0-500 
Bis me ОКЕ С aee e + 0292 + .000012t 0-200 
GIUDICE rcc ev eser vei 1055 + .00010 ғ — .00000015 г 0-400 
еее... 1000 =+ .000067 t 0-400 
OPTE ee 0915 + .000024 ; 0-300 
BEEN 220702... .1060 + .000096 t 0-400 
еа е... 0295 -- .00002 ғ 0-300 
Magnesium ............................. 2370 + .000142:- .0000001 4 0-400 
и, 1020 + .000118 ¢ — .00000006 17 0-300 
ЕО CL esos DN ett 03162 + .00000617 t + 2.33 & 10°° #? 0-1625 
Sil Gime ee cu oc i Aiea oe es 0556 + .000008 ғ 0-400 
ПК EE I сасе. нанесе бела 0525 + .000052 ; 0-200 
ИН И... 0913 + .000044: 0-300 


TABLE 149.—HEAT CAPACITIES, TRUE AND MEAN SPECIFIC HEATS, AND 
LATENT HEATS AT FUSION 
The constants a, b, and c of the equations for the heat capacity: W =a + bt + ct; for the 


mean specific heat: s=at*-+6-+ ct; and for the true specific heat: s'— b 4- 2ct; the latent 
heats at fusion are also given. 


Tempera- Tempera- 


ture Latent ture Latent 
Еје- тапре һеаї Ele. range heat 
ment BC a b сх106 cal/g ment С а b cx109 cal/g 
Crore. 0-1500 -- 10233 33.47 -- Ар... 0-961 -- 05725 5.48 26.0 
Мо.. 0–1500 -- .06162 10.99 — 961-1300 53.17 .00710 28.30 — 
WwW 0-1500 — .03325 1.07 — Au.. 0-1064 -- „03171 1.30 15.9 
4 0-1500 -- .03121 3.54 -- 1064- о 26.35 .01420 8.52 — 
Sn .. 0-232 —- .06829 -- 13.8 Cuf.. 0-1084 -- .10079 3.05 41.0 
232-1000 14.33 .07020 --18.30 -- 1084-1300 130.74 --.04150 65.6 — 
E 0-270 -- „03141 522 10.2 Mn.. 0-1070 -- .12037 25.41 36.6 
270-1000 10.31 .03107 5.41 -- 1130-1210 -- 7.41 .17700 -- 24.14* 
Cd .. 0-321 -- .05550 6.28 10.8 1230-1250 3.83 .19800 -- -- 
321-1000 6.30 .06952 6.37 -- Nun 0-320 -- .10950 52.40 56.1 
РВ БА 0–327 — .03591 11.47 5.47 330-1451 41 .12931 ‚11 133% 
327—1000 6.07  .02920 — 3.30 -- 1451-1520 50.21 .13380 -- -- 
Zn 0—419 -- .08777 43.48 23.0 (Cox 0-950 -- .09119 40.77 58.2 
419-1000 14.34 .13340 --16.10 -- 1100-1478 22.00 .11043 14.57 14.70” 
SUN 0—630 -- .05179 3.00 38.9 1478-1600 57.72  .14720 — — 
630-1000 39.42 .05090 2.96 -- Ее... 0-725 -- .10545 56.84 49.4 
А. 0-657 -- .22200 38.57 94.0 785-919 — 1.63 2.1592 -- 6.56“ 
657-1000 102.39 .21870 24.00 -- 919-1404 18.31 .14472 .05 6.67 * 
1405-1528 —77.18 .21416 — 1.94* 


1528-1600 70.03 .15012 = = 


* Allotropic heat of transformation: Mn, 1070—1130°; Ni, 320-330°; Co, 950-1100°; Fe, 725-785°; 919° + 1; 
1404.5? + 0.5. 


ЕЕ 
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158 TABLE 150.—SPECIFIC HEAT OF VARIOUS SOLIDS 





Part 1 
Specific 
Temperature eat 
Solid “С са!/ (е “С) 
Alloys: 
КИ Р И С. EE е” 15-98 ‚0858 
ББ, Геп ао о. фе. о 0 ‚0899 
В УПО... оо ic ss MICs oc os GE 0 0883 
ШІП ЛЕН... сл. ^ 14-98 .0862 
аа № Сы, 40 №... 2... “7 18 0977 
E к E. оо и 100 1018 
ай о ег... ооо ШШШ vc oss le sss os oe eee 0-100 ‚0946 
Lipowitz alloy: 24.97 Pb + 10.13 Cd + 50.66 Bi + 14.24 Sn.... 5-50 0345 
LOW ee cu? i oe a aaa Ж. 100-150 ‚0426 
ара сы, 3. Мь Мп s.l ле. ELS 18 ‚0973 
E E 2.2.27... S 100 .1004 
EDS оо ПОКИИ Т ТИКА ТИЕ 20-1300 127 
Ise Ss alloy: 27.5 Pb 4-489 B1-523 0 $n..... 28... eee ee -- 77-20 0356 
г И ОООО а... ШШ 20-89 0552 
Wood's alloy: 25.85 Pb + 6.99 Cd + 52.43 Bi + 14.73 Sn...... 5-50 0352 
КЕП а у: (йша). ......222........ 77 100-150 .0426 
Miscellaneous alloys: 
IE Sb 22990 DBi -J- 187/2059 98 D] ee cer ete 20-99 .0566 
Пор ГОО. ae 2... 10-98 .0388 
399 Ph 101 Ri ... NEN E жш................... 16-99 .0316 
638 Bi + 30.2 Sn sser.. B Е. 20-99 .0400 
Е ee ..................... 20-99 0450 
БАРАР... aa 20-1040 3145 
(ја погтпа! ећегтоте пи ЕТ --2....................... 19-100 ‚1988 
Pench hard пеге с 2........................ ‚1869 
ОМИ у.с... эм Bh velles невина 10-50 161 
ПИПИНА сасе та па НИ со. o menn 10–50 .117 
ICE suus... ПИПИН Dose RI m -- 80 .350 
SO NENNT о... че: — 40 .434 
I TID eon — 20 .465 
Е О О «ЗЭЭН... S 0 .487 
Iian rubber (Fara). TEE elle n III 2-100 481 
о ӘҘ... 20 10 
Елана... ШОШ ОО ..................... -- 20- -- 3 ‚377 
Б... а... 22... -- 19- +20 525 
оо О ook sec е T 0-20 694 
EN ey Зе...” 35-40 ‚622 
> ПЕН жж ЕЕЕ... 60-63 712 
Ма... пе с... areas cco 20 1327 
(continued) 
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TABLE 150.—SPECIFIC HEAT OF VARIOUS SOLIDS (continued) 159 
Part 2* 


C, (joules per gram) for temperatures in °C 


До 
Compound Mineral — 200? 05 200% 400% 800° 1200° 
О ceca Rees corundum ... .069 72 1.00 1.10 1.19 1.26 
Al;Si;0:: 2H;0 * [кч о 152 „99 ІЗІ [55 АЕ А 5.4 
ZONIP YO: SiOx 4. tO ....... к: (23 at 50°) Soe 
Be;AL;SuOi:s = beryl EUIS аселе S ers (.84 at 50°) Т: Ses соо 
Сал ызы сш... ANOEtMIte .... ... ‚70 95 1.05 In 1:27 
а сасе... «20 ‚793 1.00 1.13 ET. Ее 
САК К они поте. .22 ‚85 ‚89 93 1.01 10 
Само 2106.2... йорде у... "m .69 .98 1.06 JUS] 1.20 
ОЕ... бури 2222... 322 1.03 i n n. E. 
СаО. scheelite ..... ee (.40 at 50°) Ко nd 
Lon ess hematite ..... ЮЕ 151] .79 „90 1.08 
а eo. а ое o «е .606 n M m 
Btrouite 2. fod E. 1095 66 E 
pos UT I. рук е у... 075 500 594 ‚69 Nx 
ПГО, {Ce Т 653 2.06 ae ie 
Пе 222.22 @ Cilinabar 222 ‚214 227 .240 
О EMO ӨЗІМЕ... 418 ‚682 2715 ‚749 
EQ SE esl o а пег... 326 Т” M s 
ое нь бирт 1.19 e 
ШІ... T Je 1:22 
Mg;AhStOn .... garnet ....... E (.74 at 58°) 
МЕСО, magnesite ... .161 ‚864 i Ее 227 m 
МО. Peniclase.... 5: .066 .870 1.09 1.16 1.24 1530 
Mg;H;Su Oi ке» з talc есь AM (.87 at 59° dU е sake 
ВО е Паше 3 .466 ‚855 915 975 1.095 
пама... e". e us AM 1.14 
ПА РАЈ ТО ЕЉО ·. Богах ....... ^ Clot atic.) 22 Ek 
ВБ. plena. 22224 ‚142 ‚207 E] 3245 i Т. 
Boe... a quartz . 6. 2179 ‚698 ‚969 1.129 T m 
C quartz ағ M T E. e 1.174 1:327 
a cristobalite . .186 .69 KOI v^ я в. 
B cristobalite - ~.. LN. A 1.074 ISI 121 
Ж Blass 4 .70 .95 1.06 1.21 1.34 
и. a wurtzite 
- B а) 430 45 3 56 587 


* For reference, see footnote 45, p. 136. 


(continued) 
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160 TABLE 150.—SPECIFIC HEAT OF VARIOUS SOLIDS (concluded) 
Part 3 





C, (joules per gram) for temperatures in °C 


в м ——— 
Rock 0? 200? 400? 800* 1200? 
Igneous 
Granite: 
65% orthoclase 
25% quartz 
0% alite [n n ‚65 .95 1.07 1.13 
1% magnetite 
Basalt: 
Syracuse 
Ме ТЕ а un E ‚85 1.04 114 |92 1.49 
Kilauea 
Metamorphic 
ЕПОС ИЕ Sm .74 1.01 
а Т + ieee on See ( .93 at 59°) 
ПАО СИ уя ЧО... Ек ( .73 at 50°) 
Japanese (mean ОЕ: нь ( .8] ati») 
Poe Anean o S) ( .81 at 50°) 
lava ГТ 7 ri .75 .94 1.13 1751 
[etme St ONG ges 222.22.225. арты дар (1.00 at 58?) 
оа еалт ( .68 at 50?) 
Japane e (mean tor 10) А (63 ан је) 





TABLE 151.—ATOMIC HEATS (50°K), SPECIFIC HEATS (50°K), ATOMIC VOLUMES 
OF THE ELEMENTS 





= Е 9 E Е ТЕ © SE Е = © 98 
= OG EZ ЕЕ Е Om ES ES E я Ез ES 
т ео cv co Фф V y Seu So Ф фо Оф оо 
E io EE fa 2 ноя 5 an EE <<” 
ШТІ 192407819 13.0 Fe „у. 01% 98 7.1 Sb 0240 2.89 182 
Ве 250137 1125 4.9 № .... 020807122 6.7 РГ лы № 0361 4.59 257 
В 02 12 .24 4.5 Со . 40207 122 6.8 Te . 10288 3.68 212 
Cu. ШІ 37 16 5.1 Си . .0245 1.56 zi Cs л... 05130 GO C2 UI 
Сі 0028 ‚03 3.4 Zn . 0384 2.52 0,2 Ва! ... .0350 4.80 36.0 
ха 215190 5:507 230 As . .0258 1.94 15.9 La . 40322 460 226 
Mg TS mq s Se .... .0361 286 185 Сс . 0330 464 20.3 
А] 0413 1.12 100 Br . 0453 3.62 249 W ‚ 0095 1.75 9.8 
513 0303 .86 142 КБ 2507211 505 55.5 Os . 0078 1.49 8.5 
SI 0303 47 114 Se . 0550 482 34.5 Ir .... .0009 1.92 8.6 
P, уе!.. 0774 240 170 И: .... 0202 218 Ре... ШӘ ы 92 
P, red.. .0431 134 13.5 Mo ... 0141 1.36 2:2 Ац . 0160 316 102 
ыы 73 T6 Ru . 0109 111 9.0 Hg . 10232 465 148 
CI .... .0967 343 246 Rh ; 0134 1.38 8.5 ТІ. ОЗО 
K .... .1280 5.01 447 Pd . .0190 2.03 9.2 Pb . .0240 4.96 18.3 
Ca 0714 2.86 25.9 Ар ... 0242 7202 102 Bi .... 0218 4.54 21.3 
Tina (2 99 107 Cd i... 0808 8 он 135.0 Th . .0197 4.58 211 
Eu c. 0142 .70 7.6 Sn ....0286 341 20.3 И .... 609126 
м. -20229 126 7.4 
calg aen f cal g atom-! *C-1, ** Graphite. i Diamond. 8 Fused. 1, Crystallized. || Impure. 
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TABLE 152.—SPECIFIC HEAT OF WATER AND MERCURY * 161 
(1 cal — 4.1840 J) 
Specific heat of water Specific heat of mercury 
с, с, C, C, C, 
Temp. cal g-t Temp. cal g-! Tem cal g-1 Temp. calg-! Temp. -1 
o р Ca әс? са ec га sC о в. och Е 
0 1.0080 25 ‚9989 70 1.0013 0 03346 90 03277 
5 1.0043 26 9989 75 1.0021 5 03340 100 ‚03269 
10 1.0019 27 ‚99868 80 1.0029 10 03335 110 03262 
15 1.0004 28 „9987 85 1.0039 15 03330 120 103299 
16 1.0002 20 ‚9987 90 1.0050 20 03325 130 03248 
17 1.0000 30 ‚9987 95 1.0063 25 03320 140 03241 
18 ‚9998 55 .9986 100 1.0076 30 .03316 150 .0324 
19 .9996 40 .9987 120 1201625 35 03312 170 „0322 
20 ‚9995 45 ‚9989 140 1802235 40 .03308 190 .0320 
21 9993 50 ‚9992 160 1.0285* 50 03300 210 ‚0319 
22 ‚9992 55 .9996 180 1.0345% 60 03294 5o be 
23 .9991 60 1.0001 200 1.0410* /0 ‚03289 
24 ‚99090 65 1.0006 220 1.0476* 80 03284 
4° Nat. Bur. Standards Journ. Res., RP 1228, vol. 23, p. 197, 1939. 
* Barnes-Regnault. 
TABLE 153.—SPECIFIC HEAT OF VARIOUS LIQUIDS 
Spec Spec 
Temp heat : Temp heat 
Liquid 2C cgs Liquid “С cgs 
Alcohol, ethyl .......... —20 505 Еее. 0 .529 
h Eo sou 0 .548 Gluterine пас ал 15-50 576 
* EE s eon 40 .648 КОН + ЗОО 2....... 18 876 
Alcohol, methyl ........ 5-10 .590 "E -- 1005 cess 18 975 
s EM v N 15-20 .601 NaOH + 50 H:0 ...... 18 942 
ее, 15 .514 “ 41 ии E 18 983 
РЕ. 30 520 NaCl 4-10 I5O ........ 18 791 
"о sse 50 .529 О № s 18 978 
Benzole, СӘН, .......... 10 .340 Naphthalene, CiHs ..... 80-85 396 
К ЖОК о: 40 .423 о. сл 90-95 .409 
М Ет. 65 482 NitBobenzole 2.......... 14 350 
Са ср. ве. 1.14....... —15 .764 Do ey. 28 ‚362 
" o A E 775 ПЕ Ае СОК ооа. - 434 
р poc Co c ТОРИНО 20 ‚787 Citron Олус eco 5.4 438 
ч ЖІ... --20 695 Olve ЖЕ ни 6.6 471 
Б Ж... 0 .712 Sesame gee. scum oe — .387 
ч а 20 725 Turpentine ....... 0 411 
А О... —20 „651 Petroleum eo 21-58 ‚511 
Е RC 0 .663 Sea water, sp. gr. 1.0043. — 17.5 .980 
H ЖИЕ... +20 ‚676 ii S: c T0235. ЖО .938 
CuSo, 4 50H;O ....... 12-15 ‚848 К ш Ко” 10462327 175 903 
ЕСІЛ 2...... 12-14 951 Пошо. 10 .364 
“ „400 “ ....... 13-17 .975 ы УЕ 65 ‚490 
Diphenylamine, МИА. E ка 85 .534 
Е, № а... а а 53 .464 2150, + 50 Н.О ...... 20-52 ‚842 
ғ... И 65 ‚482 Е-Е” 20-52 952 
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162 TABLE 154.—SPECIFIC HEAT OF LIQUID AMMONIA UNDER 
SATURATION CONDITIONS 


Expressed in calories» per gram per degree C 


e 0 1 2 3 4 5 6 7 8 9 
—40 1002 1.061 І060 105274 1058 1.058 1.057 16056. 1055 T03 
—30 1.070 1.069 1.068 1.067 1.066 1.065 1.064 1.064 1.063 1.062 
—20 1.078 11.077 1.076 1.07.5107 1.074 1.073 ІШ ҮШІ 1011 
—10 1.088 1087 1.086 1.085 1.084 1.083 1.082 1.081 1.080 1.079 
- 0 1.099 1.098 1.097 1.096 1.094 1.093 1.092 1.091 1.090 1.089 
+ 0 1.009 1.100 1.101 1103881104 1.105 1106 108 TO? THO 
+10 11121113 1.114 ТОО ІЛІ8 1120 1127 ИЕ А 
4-20 1126 1128 1129 113181132 1134 1.136 1137 ШЕТІ 
+30 1.142 114 1146 1148 1150 1152 1154 1.156 1.158 1.160 
+40 1.162 1164 1.166 1160081: 7101173 1176 1178 TI Er 


TABLE 155.—HEAT CONTENT OF SATURATED LIQUID AMMONIA 


Heat content = H = e + pv, where e is the internal or intrinsic energy. 





Temperature °C... —50° —40° —30° —20° —10° 0° 10° +20° +30° +40° +50° 
Я Е... —53.8 —43.3 —32.6 —21.8 —11.0 0.0 +11.1 +22.4 —33.9 —45.5 —57.4 


TABLE 156.—SPECIFIC HEAT OF MINERALS AND ROCKS 


Specific Specific 
Tempera- heat Tempera. heat 
Substance ture °C cgs Substance ture °C cgs 
парење .„........... 0-100 ‚168 БЕК ѕаі a. eroes eenen 13-45 .219 
апшудтце, Саз,....... 0-100 175 ы 16-98 .259 
Ае е 15-99 .190 Ее o uaseesoes urene 9-96 .193 
A DESTOS .............. 20-98 .195 ЕРЕ aeaa она 15-47 194 
PREG. boas sw ae a's 20-98 ‚193 Еа 20-98 ‚209 
Рае Ваъо, .......... 10-98 .113 Ше A 0-100 210 
БЕН... 15-99 ‚198 МОО опе *.......... 19—51 178 
Borax, Na2BsO; fused... 16-98 238 Zinc blende, ZnS........ 0-100 ‚115 
бабане, Сасој ......... 0-50 188 AEON rm S 21251 122 
0-100 .200 Rocks: 
0-300 .220 Basalt, fine, black..... 12-100 .200 
"Cassiterite 5nO»s ........ 16-98 .093 20-470 .199 
@haleopyrite ose 15-99 .129 470-750 .243 
В ees Res 0-98 .198 750-880 .626 
Cryolite, ALF,:6NaF ... 16-99 252 880-1190 .323 
Fluorite. Cafi les 15-99 215 істе... 20-98 ‚222 
а еа РВОМ О. а. 0-100 ‚047 етс г... Ие 17-99 ‚196 
АТОС а.е 16-100 ‚175 17-213 214 
Hematite, Fe.O; ........ 15-99 164 Маине о EDT 12-100 .192 
Ногпбјепдје ............ 20-98 195 Кеип о. У 20-98 .224 
Bliypersthene ........... 20-98 191 [Е а, Аеша 22... E 23-100 201 
ЈЕ тадогне ............. 20-98 195 31-776 .259 
| ан .............. 18-45 158 Kilauea | 25-100 197 
Malachite, CusCO,H.2O .. 15-99 170 imestone ео. о 15-100 .216 
Mica (Мр ЛЕ... 20-98 ‚206 КїагЫые .35... Ж. 0-100 2 
a uo V. 20-98 .208 Мата запао... ан 20–98 191 
СВ olere trus 20-98 ‚205 Sandstone ...,.. 1 — 22 
Orthoclase иены. 15-99 .188 Aluminum oxide ? 
Ругоп<ие, МпО» ....... 17-48 159 i orandum) "TL 0 1731 
ОПАО 12-100 188 100 2157 
0 174 200 2438 
350 279 300 261 
400-1200 .305 400 .2719 
500 ‚2799 
600 ‚2865 
700 ‚2919 
800 ‚2960 
900 .2995 


*9 Nat. Bur. Standards Journ. Res., vol. 38, p. 593, 1947. 
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TABLE 
Density 
g/liter 
Gases (normal) 
ГТ а ДЕ 1.2920 
(Атпа ers cm ./598 
SUG a и 1.782 
BEGGING. ес си 7.1308 
Carbon dioxide ...... 1.9630 
Carbon monoxide .... 1.2492 
СМОГ ме сень 3.1638 
Бае 0. 1.6954 
Ет: .1785 
Нуйбгореп * Н ....... 045 
о .0899 
Hydrogen bromide . 3.6104 
Hydrogen chloride .... 1.6269 
Hydrogen fluoride .... .8926 
Hydrogen iodide ..... 5.7075 
Hydrogen sulfide ..... 1.5203 
Е uera 11.3250 
ы ТТ oe 3.7365 
Mercury Нр . 5... 8.9501 
Hg, С 17.9003 
МЕСЕ or e o een .9005 
НАНОСЕ oxide. s.s 1.3388 
тереп res vs 1.2499 
Nitrous oxide ........ 1.9638 
cU pene 2-2... 1.4277 
Phosphorus pentaoxide. 6.3371 
Potasssum * Ne 1.744 
"We 8 3.4889 
ЗОСИМ Мај ан. 1.026 
Nan а 2.052 
шг ШЕ а 2.8607 
Sulfur dioxide 2... 2.858 
Water ал — 
Denon Шы... e 5.8579 


Heat capacity, 


in 


p 


Temperature °С 


0 
1.004 
2.06 
i2] 
225 
292 
1.04 
497 
‚774 
2.2 


392 
‚482 
904 
52 
509 
.61 
1.847 
‚158 


** For reference, see footnote 45, p. 136. 


* The heat capacity of an ideal monatomic gas (at constant pressure) is equal to (5/2) R. 
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400 
1.057 
2.74 

192 

292 
С 


(continued) 


Constants in 


157.—HEAT CAPACITY OF GASES AND VAPORS ** 
Part 1 


C,=a+bT —cT 


— 

т 
л 

е 


0314 


Vel 
.0486 


az 
.008 


T/g 
Temperature = 
° absolute 

a 103b 
968 132 0 
E822 1.395 | 
5210 0 
NEED 0 
894 7 A 
980 18 0 
488 21033 0 
444 ll 0 
52 0 0 
20.6 0 0 
13.796 1.59 0 
352 .434 0 
769 096 0 
1.384 .169 0 
22748 027 0 

062 .385 
О 0 
25 NE 0 
104 0 0 
094 0 0 
1.03 0 0 
68 118 0 
962 167 — 
479 .26 0 

944  .136 
1.084 0 0 
О 0 
.482 0 0 
904 0 0 
82 0 0 
.56 0196 0 

462 .082 
1.69 345 — 
158 0 0 
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Tem- 
pera- 
ture 
Anes 


0-2000 
0-1500 
0-1400 
0-2000 
0-2000 
0-1700 
0-2700 
0- 
0- 
0-2000 
0-1700 
0-1700 
0-1700 
0-1700 
0-1500 
0= 
0- 
0- 
0 
0- 
0-2000 
0-1500 
0-2000 
0-2000 
360-1100 


0- 

0-1700 

ШЕ 

0- 
30-2000 

0-2000 

0-2000 


164 TABLE 157.—HEAT CAPACITY OF GASES AND VAPORS (concluded) 





Part 2 
Specific heat Mean ratio of 
Range of (cgs) constant Range of specific heats 
Substance temperature °С pressure C, temperature °C 2/7 
евгепе СНОС. 26-110 .3468 
Alcohol, CHSODBHUTSESS S. eee 108-220 .4534 55 1.133 
100 1.134 
Alcona CHOH oikene 101-223 .4580 100 1.256 
Боден Cabl 9.9 952 e^ 34-115 .2990 20 1.403 
35-180 10025 60 1.403 
116-218 3754 99.7 1.105 
СШ опи, СТЕПИ ж. 27-118 1441 22-78 1.102 
28-189 ‚1489 99.8 1.150 
ЕСО мучого + псе: 69-224 4797 42-45 1.029 
25-111 .4280 12-20 1.024 
Mer ochloric acid, HCI... me: 13-100 ‚1940 20 1.389 
22-214 ‚1867 100 1.400 
МІН ео, 310 1.666 
Mtem vapor, EL aeran 0 .4655 78 1.274 
100 421 94 155 
180 E 100 1.305 


TABLE 158.—SPECIFIC HEAT OF SILICATES 


Mean specific heats cgs True-specific heats 
0° C to at 
те i ES иная N 
Silicate 100° 500° 900° 1400° 0°C 100° 500° 1000° 1300° 
Ие рны. 1948 236 256 -- 178 211 209 .294 - 
КЫ Оез... у... 1977 .241 .264 — = 2 = — == 
Amphibole, Mg silicate. .2033 .246 .266 .273* 185 219 279 .304 — 
i plans ле 20403 .247 — — == — — a -- 
(\паевпе “....„2....... 1925 2327 252 — — — “2065 — -- 
ү ОРУ R 1934 -- .261 — — — — — — 
Ое 22222222... 1901 .229 .248 267 174 205 270) 250 22 
У: Рас 70 1883 230 — — — — — — — 
eistobalite а ес 1883 242 25 .268 — — — — — 
оре aame ona i .1924 231 .250 .260t 176 .207 262 .284 = 
E plass.- 62222 1939 233 — — — — — — — 
Аїсгосипе а... 1871 .226 245 — 171 201 228 709 - 
г glaes 22... 4919 2227 251 F259% 176 206 264 .299 — 
ое 22.22.22... .2039 248 -- — — — — — — 
MOLINA аон 1868 237  .259 264% 168 .204 294 .285 — 
Са рта 222222222 Ел 22007251 — 166 .202  .266  .29 - 
О а стопе а а - — .234 — — — - -- -- 
б plass E .1852 .220 — — — — — — -- 
E pseudo ... .1844 217 232 244 171. 197 6245 9020208 222 


* О°—1100°. 1 0°—1250°. 
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TABLES 159-164.—LATENT HEAT 


TABLE 159.—LATENT HEAT OF FUSION AND VAPORIZATION * 


165 





(Kg cal/inol) 
Part 1 
Ionic Molecular 
Metals Lm Le substances Lm 122 substances Lm L, 
ZO л. ы DES. cuu 67.6 Аы E a И. 1.88 
Ар Үр... 69.4 ACC as OS. . ССІ. О ic 5.0 
Au E 02.2... 90.7 ЕМО 2766. Ы е -. ОД. 2:93 
Bit sees ЖІ. 47.8 Бе. ей d s ce САЗ ИА s 8.3 
Бары Т ТО... 2710 CaCa saoao: USE oc ЖО CHiCOOH ...2.64 2.2 222035 
Cone Usus о ОО EN d Ме ce. О cnt 0 (GL QLIS S а Do RC 92 
et С 39$ es 89.4 На ә. ses. s (ЗЫН O 10.4 
go оба 18.7 КВг Bor. E 159 ЖЕЗ 22... 1.698: ..... 7.43 
iu s E. B ENS 81.7 ЗЕ тел pde... 165 СО СЕООА 1.90 
Бе ет Он 96.5 КООН Ви Ей CO Обали и ен 6.44 
Ga “2. ee ЕД... LR КЕЗЕ 5 Oc 190 НЫ л ООО (I2 ET. 22 
Heo c» Я 155 KNOTT. 2,5 T ПЕГИ Е а. 5.79 
ЈИ RR. 622... im KOHERE о ЕСІ ae ose 1500. a 4.85 
КАУ, л, Ж Ste 21.9 LAO zoo О алм ыс, I 
Мр 2. 8 О... 34.4 Маст, 727 АИ 183 No OX dios e es 1.69 
КИП у 315... 69.7 Мане ~. ЖӘНЕ. 213 МАИ 184 7- 7.14 
Ма 222 597222262 масони. 520 с; BU а ios 3.82 
| а 4.20..... 98.1 Мако“. 3 Иби 7 9— O AST OIO. 2.08 
D йс. pog. 46.7 Малина о а. 
Ingo ERO. |25! Руби ке. АЛО... 
КБ ce ES MIU 20.6 PhO E еа 
ЗУ. КУЙ мг 54.4 РЬ К О ТОИ 
Ит 01:22 — TRI ИРНК. 5.997 
Sik oe T В. 68.0 Е. 420. EM. 
T EO. cen 43.0 
ОИ ОО... 31.4 
Раг 2 
Lm 
Substance Composition T0 ("alg 
Alloys: 30S Pb -+ 69 55пП _................. ое 183 17 
emp Odeon а ос. о s PbSn; 179 155 
ОС Вр У 3635 2................... PbSn 17753 11.6 
TED 4 22250 н.о: Рімӛп 176.5 9.54 
ара melal, 9S0 ИЕ Pb. lllud mess 236 28.01 
Rose's alloy, p nm do DIR S... vs m 98.8 6.85 
, Pb + 14.7/5п - 
W ood S alloy T 52 ABi E "es еее еее .... {55 8.40 
арта о VIE Gey. И еп ke .. АН; --75 108 
ПОПИО СИВИ на СН» 5.4 30.6 
а... Н.О 0 79.63 
ОРО ОСУИ. Е. 0 79.59 
PEE Gmesea Water) о. i É — 8.7 54.0 
аа ее о с: Е СН 79.87 33:02 
Pota sium гасе во US S КМ О, 2333 48.9 
Бкено ына л ооо зшде: С«Н«О 25:37 24.93 
[Рага аш Ee Ies desierto E WIS ane 52.40 35.10 
Sodium rico. FEEDS hes Na 97 2127 
P ШГЕК ле а кыд шут хо е NaNOs 305.8 64.87 
ОЕ о nea an eS EM 36.1 66.8 
ырен ео ов 43.9 36.98 
ака сек. po 61.8 42.3 








5: From Slater, John C., Introduction to chemical physics, McGraw-Hill Book Co., copyright 1939. Used 


by permission. 
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166 TABLE 160.—-LATENT HEAT OF VAPORIZATION OF ELEMENTS 





Element же Cal/g 
ры 755 320 
MEET а l atm 37.6 
Бай ыа N 1537 308 
Bi E. 920 190 
о ИИ 60+ 43 
Воо С И 778 240 
ОТО ТАГА А 143.9 101 
NEM И -- 63 63 
В. — 1882 40.5 
Ше... ЖО... —— A 5.6 
BAT Lo. — 253 108 
TABLE 161.—LATENT HEAT OF 
Substance Formula 
СООО ЕРУ] .........2 EE Сабо 
Methyl rcr ""——-——-—-—- СН.О 
Апшпе Su c0 OD NOU NIOO Lg 003 C10 d t С.Н 
DOnzene 3.9.2.2: T о... eHe 
Carbon dioxide, solid ............. 2 
liquid” (leases es 
disulfide eee. Ae CS, 
СООО. ооо, а... CHCl: 
Ether ось CHTO 
Ethyl bromide oes. 95. ree C.HsBr 
chloride 222999 ТЕЕ... C;H4CI 
iodide езе а я э а е а е е Жее ә ә С.Н 
ЕЕ а... СІН. 
hel S CT Иа. САН» 
ОЕ ЗЕ... ее. ӨЗЕНІ 
Реп апе 2.2222 00 СЫН. 
Sultur dioxide екон О: 
Tool c oci RE SER С.Н» 
Turpentine сое. То 
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Element °С Cal/g 
Т A 174 24 
к... -- 151 28 
EO eee 1170 175 
lL ......... 1336 511 
ПЕ ои 1110 136 
|^ [uo дды 358 71 
E alo. — 195.6 47.6 
OE — 182.9 50.9 
ОГПУ 1336 410 
PC V eec NUS — 108.6 25.] 
EIS vd а 918 475 
VAPORIZATION OF LIQUIDS 
Latent heat Total heat 
vaporization from 0°C 
ҮЗЕ cal/g cal/g 
784 205 283 
0 236 236 
100 - 29 267 
150 am 285 
64.5 267 307 
0 289 T 
100 246 T 
150 206 m 
200 152 И 
2285 44.2 - 
184 110 T 
80.1 92,9 127.9 
i E 138.7 
—25 22:25 n 
0 57.48 EN 
12.35 44.97 FE 
22.04 31.8 DN 
30.82 32 ЗА 
46.1 83.8 94.8 
0 90 90 
100 Ж 100.5 
60.9 58.5 72.8 
34.5 88.4 107 
0 94 94 
50 d 1051 
120 И 140 
38.2 60.4 = 
125 CN 08 
7] 47 E 
90 77.8 us 
70 79.2 
130 70.0 
30 85.8 
0 91.2 
65 68.4 
DET 86.0 
159.3 74.04 
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TABLE 162.—LATENT AND TOTAL HEAT OF VAPORIZATION, FORMULAE 


г = latent heat Of vaporization at t C; H = total hcat irom fluid at 0? to vapor аб + С. 
T? refers to Kelvin scale. Same units as preceding table. 


A cetong gb ED lcu. les Н = 140.5 + .36644Е — .000516ғ — 3° to 147° 


= 139.9 + .23356¢ + .0005535817 -- 3 147 
ЗООСУ АЕО — 3 147 
спее Hoy а. Ы = 1090 5 24429; — 0001315 7 215 
Багролшохіае 2.2222... DE 849503] 1) — ДОСТ ја — 25 31 
(Carbon bisulüde, (9523: 529 ьь. и АСОТ поро — 6 143 
H = 89.5 + 116993: -- .0010161: + .0:342Р — 6 143 
r = 89.5 — .06530¢ — .0010976 + .0,342в — 6 143 
Carbon tetrachloride СС H =) 520-5 146257 = 000172 8 163 
Н = 51.9 + .17867# — .00095997" 41. 0373342 8 163 
r = 51.9 — 019317 — 00105057 -- .03733ғ 8 163 
Chloroform СНС .......... Я 375; — 5 159 
Н == 0218 147 16; 00009 57 E 159 
r = 67.0 — .08519t — 0001444 — 5 159 
Біле ООШ О а oe H = 94.0 + .45000¢ — .0005556r° = [21 
r = 94.0 — .07900г — .0008514: — 4 ІРІ 
Nlolybdenitn ..... e , = 000 6 | (eal /o-atom) ---- 
ОР ро а. г — 68.85 — .2736Т —— 
Nitrous Oxide, N.O.......... ЕОС MUS (36A ca 25 400) 36 
усе. „а с eee к --69.67-- 20807 —— 
РАН o ььь r = 128000 — 2.57 (cal/g-atom) —— 
Sulur dade m а а О Ч Оо 0 20 
опоо r = 217800 — 1.87 (cal/g-atom) ---- 
Water ШОО... а H = 638.9 + .3745(« — 100) —.00099(+ — 100)? —-- 
г = 10365-50 Sce Table 165) 0 100 
TABLE 163.—LATENT HEAT OF VAPORIZATION OF AMMONIA 
5 Calories per gram 
"С 0 1 2 3 4 5 6 7 8 9 


— 40 59107 2922 333.0 522 334.3 334.9 dong 336.2 336.8 397.0 
— 30 324.8 3255 2202. 326.9 92/0 32009 9221 329.7 330.5 331.0 
— 20 317.6 318.3 319.) 319.8 320.6 9213 322.0 2 323.4 324.1 
—10 309,9 310.7 ELS ОКЕ 313.0 155 314.6 S 5101 316.8 
— 0 301.8 302.6 303.4 304.3 305.1 305.9 306.7 307.5 308.3 309.1 


+ 0 301.8 300.9 300.1 299,2 298.4 295.5 296.6 295.7 294.9 294.0 
--10 293.1 292.2 291.3 290.4 289.5 288.6 287.6 286.7 25521 284,8 
+20 283.8 282.8 28179 280.9 279.9 27019 2779 2/6.9 275.9 274.9 
+30 273.9 272.8 Cis 22017 260.7 268.6 267.5 266.4 20379 264.2 
+40 263.1 262.0 260.8 2007 2555 257.4 256.2 255.0 29995 252.6 


TABLE 164.—"LATENT HEAT OF PRESSURE VARIATION" OF LIQUID AMMONIA 


When a fluid undergoes a change of pressure, there occurs a transformation of energy into heat 
or vice versa, which results in a change of temperature of the substance unless a like amount of 
heat is abstracted or added. This change expressed as the heat so transformed per unit change 
of pressure is the "latent heat of pressure variation." It 1s expressed below as J о" Ке“ ст 


Temperature °C. —44.] — 39.0 --24.2 —.2 +16.5 +26.5 +35.4 +40.3 
Latent heat .... — .055 — .057 — .068 —.088 — 107 — 123 — .140 — .150 
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THERMAL PR@eERTIES OF 
SATURATED VAROR 


TABLE 165.—THERMAL PROPERTIES OF SATURATED WATER AND STEAM 


Accuracy: It is estimated that there is only 1 chance in 100 that the values given for 
H differ from the truth by as much as 1 part in 2000; it is equally unlikely that the values 
for L and H' are as much as 1.5 joules/g from the truth in the range of the experiments, 


100? -270?C. 

Heat con- 
tent of 

Temperature liquid, H 

PC joules/g 

D E .... 

Nn E eres 42.02 
EU Ne eos 83.83 
EU E os 125.59 
КО а 167.34 
pU EMI 209.11 
О АРТИ 250.90 
ПО о. 292.75 
PUER err 334.66 
ШТ рса 376.65 
ПТ 418.75 
ПЕТ. 460.97 
UN S sess wees 503.36 
P EE 545.93 
ДЕШ оао 588.71 
WEN а. 631.75 
ВОДИ о: о T 675.06 
DUE еее 718.66 
Ооо: 762 72 
IOO E eus 807.15 
200^. та 285202 
ИО... 897.35 
ШІ TETT аи 943.24 
DID E ао: 089.75 
EIU. EDI Le 1036.97 
РОО e s. 1084.97 
EDU... а. 1133.87 


И) ЗНА Los. 1184.32 
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Latent 
heat, L 
joules/g 


2494.02 


2472.26 
2450.17 
2427.73 
2404.90 
2381.64 


2357101 
2333.05 
2308.32 
2283.38 
2257.24 


222029 
2202.65 
2174.04 
2144.44 
211570 


2081.89 
2048.72 
2014.10 
1977.89 
1939.93 


1900.00 
1857.89 
1813.33 
1766.02 
1715.59 


1661.60 
1603.51 


Heat con- 


tent of 
vapor, Н’ 
joules/g 


2494.02 | 


2514.28 
2534.00 
2953.32 
2572.24 
2590.75 


2608.81 
2626.40 
2643.48 
2660.03 
2675.99 


2091-32 
2706.01 
2719.97 
273715 
EST 


2756.95 
2767.38 
2776.82 
2785.04 
2791,95 


279735 
2801.13 
2803.08 
2802.99 
2800.56 


2795.47 
2787.83 


of liquid 
d 


joules/g? 


0 


ЗІП 
.2962 
4363 
8719 
.7032 


9205 
9543 
1.0746 
1.1918 
1.3064 


1.4177 
1.5268 
1.6335 
1.7381 
1.8407 


1.0416 
2.0406 
2.1384 
2.2348 
2.3299 


2.4239 
2.5169 
2.6091 
2.7007 
2.7919 


2.8828 
2.9746 


Епітору-- 
of vapor 
1 


С joules/g°C 
9.132 


8.884 
8.656 
8.446 
622) 
8.074 


7.909 
7.756 
7.613 
7.480 
7.356 


7.240 
ЛЫ йі, 
ОЯ 
6.929 
6.837 


6.749 
6.664 
6.584 
6.506 
6.430 


6.357 
6.285 
6.213 
6.143 
6.072 


6.000 
5.927 


TABLE 166.—PROPERTIES OF SATURATED STEAM 


Metric and common units, 0° to 220°C 
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Heat of liquid, q, heat required to raise 1 kg (1 1) to corresponding temperature from 
0°C. Heat of vaporization, у, heat required to vaporize 1 kg (1 lb) at corresponding 
temperature to dry saturated vapor against corresponding pressure. Total heat, H =r +q. 


Во 
EE 
е” mmHg 
i p 
0 4.579 
5 6.541 
10 9.205 
15 12.779 
20 17.51 
25 23,69 
30 31.71 
35 42.02 
40 55.13 
45 71.66 
50 92.30 
55 117.85 
60 149.19 
65 187.36 
70 233.55 
75 289.0 
80 3554 
85 433.5 
90 525.8 
91 546.1 
92 567.1 
93 588.7 
94 611.0 
95 634.0 
96 657.7 
97 682.1 
98 707.3 
99 733.2 
100 760.0 
101 787.5 
102 815.9 
103 845.1 
104 875.1 
105 906.1 
106 937.9 
107 970.6 
108 1004.3 
109 1038.8 
110 1074.5 
111 1111.1 
112 1148.7 
113 11874 
114 1227.1 
115 1267.9 
116 13098 
117 13528 
118 1397.0 
119 14424 
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Pressure 


kg/cm? 
р 


.00623 
.00889 
.01252 
.01737 
.02381 


.03221 
.04311 
05719 
07495 
00743 


12549 
‚16023 
.20284 
2947 
125 


„3929 
4828 
‚5894 
7149 


.7425 
.7710 
8004 
8307 


.8620 
.8942 
.9274 
.9616 
.9970 


1.0333 
1.0707 
1.1093 
1.1490 
1.1898 


1.2319 
1.2752 
1.3196 
1.3653 
1.4123 


1.4608 
1.5106 
1.5617 
1.6144 
1.6684 


1.7238 
1.7808 
1.8393 
1.8993 
1.9611 


lb/in.? 
p 


.0886 
„1265 
.1780 
.2471 
.3396 


.4581 
.6132 
.8126 
1.0661 
1.3858 


1.7849 
2.279 
2.885 
3.623 
4.516 


5.589 
6.867 
8.383 
10.167 


10.560 
10.966 
11.384 
11.815 


12.260 
12.718 
13.190 
13.678 
14.180 


14.697 
15.220 
15.778 
16.342 
16.923 


15927 
18.137 
18.769 
19.420 
20.089 


20.777 
21.486 
22.214 
22.962 
23.729 


24,518 
25-228 
26.160 
27.015 
27.893 


Heat of the 
liquid 


kg cal 
q 
.00 
5.04 
10.06 
15.06 
20.06 


25.05 
30.04 
35.03 
40.02 
45.00 


49.99 
54.98 
59.97 
64.98 
69.98 


74.99 
80.01 
85.04 
90.07 


91.08 
92.08 
93.09 
94.10 


95.11 
96.12 
97.12 
98.13 
99.14 


100.2 
101.2 
102.2 
103.2 
104.2 


105.2 
106.2 
107.2 
108.2 
109.3 


110.3 
like 
112.3 
DS 
114.3 


11533 
116.4 
117.4 
118.4 
119.4 


(continued) 


Btu 
q 


. . . 
м-і кей ыы а > 


омо ONDA мо 
нео О сл ANOS 


о Ф 


Heat of 
vaporization 


kg cal 
r 


595.4 
592.8 
590.2 
587.6 
584.9 


582.3 
579.6 
576.9 
574.2 
3/18 


568.4 
565.6 
562.8 
599:9 
556.9 


554.0 
5911 
548.1 
544.9 


544.3 
543.7 
543.1 
542.5 


541.9 
541.2 
540.6 
539.9 
539.3 


538.7 
538.1 
537.4 
536.8 
536.2 


2420 
534,9 
534.2 
533.6 
992.0 


532.3 
531.6 
530.9 
83073 
529.6 


528.9 
528.2 
527-5 
526.9 
526.2 


Btu 
7 


1071.7 
1067.1 
1062.3 
1057.6 
1052.8 


1048.1 
1043.3 
1038.5 
1033.5 
1028.4 


1023.2 
1018.1 
1013.1 
1007.8 
1002.5 


997.3 
991.9 
986.5 
980.9 


979.8 
978.7 
977.6 
976.5 


975.4 
974.2 
973.1 
971.9 
970.8 


969.7 
968.5 
967.3 
966.2 
965.1 


964.0 
962.8 
961.6 
960.5 
959.3 


958.1 
956.9 
955.7 
954.5 
D5319 


Dos 
950.8 
949.5 
948.4 
947.2 


Heat eant alerts 


о 


internal works 


kg cal 
p 


565.3 
562.2 
55910 
5529 
552.7 


549.5 
546.3 
543.1 
539.9 
53015 


533.0 
529.7 
526.4 
523.0 
519.5 


516.0 
512.6 
509.1 
505.4 


Btu 
p 
1017.5 
1011.9 
1006.2 
1000.5 
994.8 


989.7 
983.4 
977.6 
971.7 
965.7 


959.6 
998.5 
947.5 
941.3 
935.0 


928.8 
922.6 
916.3 
909.9 


908.5 
907.2 
906.0 
904.7 


903.4 
902.1 
900.8 
899.4 
898.2 


896.9 
895.5 
894.] 
892.9 
891.6 


890.3 
889.0 
887.6 
886.3 
885.0 


883.6 
882.3 
880.9 
879.5 
878.2 


876.8 
875.4 
873.9 
872.6 
871.3 


grees F 


= = 
со ооч Dunna Temperature 
=N Фъммм OWON = de 
=> СОЮ СОКСО СС» CC CO 


= 
ho 


170 TABLE 166.—PROPERTIES OF SATURATED STEAM (continued) 
І 
Metric and common units, 0° to 220°C 


If A is the reciprocal of the mechanical equivalent of heat, p the pressure, s and ø the 
specific volumes of the liquid and the saturated vapor, s—o, the change of volume, then 
the heat equivalent of the external work is Apu = Ap(s —o). Heat equivalent of internal 
work, p — r — Apu, Entropy = §dQ/T, where dQ =amount of heat added at absolute 
tempcrature T. 


Ifeat equiva- 





во S 
5 v lent of exter- Entropy Density 5 У 
EE nal work End ces Specific volume kg/m? lb/ft? EZ 
= каса Btu liquid r m'/kg ft/lb 1 P =” 
t Ари Ари 6 T 5 5 5 5 і 
0 301 54.2 0000 2.1804 206.3 3304. 00485 .000303 32.0 
5 Оо 522 .0183 2.1320 147.1 2356. > .00680 .000424 41.0 
10 ОЕ 501 0361 2.0850 106.3 1705 00941 .000587 50.0 
[5 SIN 171 .0537 2.0396 77.9 1248. 01283 .000801 59.0 
20 jee 580 0700 1.9959 57.8 926. 01730 .001080 68.0 
25 328 590 0878 1.9536 43.40 695. 02304 .001439 7.0 
2 sus 509 .1044 1.9126 32,95 528. (03035 .001894 86.0 
35 338 60.9 1207 1.8728 25 25 404.7 03960 .002471 95.0 
40 343 618 1368 1.8341 19.57 313.5 0511 003190 104.0 
45 348 627 1920 1.7963 15.25 244.4 .0656 .004092 113.0 
50 354 63.6 .1682 1,7597 12.02 192.6 0832 00519 122.0 
55 35.9 64.6 1835 17242 9.56 1532 .1046 .00653 131.0 
60 36.4 65.6 .1986 1.6899 7.66 122.8 1305 00814 140.0 
65 36.9 66.5 .2135 1.6563 6.19 99.2 .1615 .01008 149.0 
70 37.4 67.4 2282 106225 5.04 80.7 ‚1984 ‚01239 158.0 
75 $90 68.5 (2427 1.5918 4,130 66.2 .2421 01510 167.0 
80 35.5 69.3 2570 1.5609 3,404 54.5 ‚2936 ‚01835 176.0 
85 39.0 702 2711 1.5307 2,824 4523 2.3541 02211 185.0 
90 ЭЛ 7770 2851 1.5010 2.358 37.77  .4241 ‚02648 194.0 
91 396 712 28702 1.4952 22278 36.45 .4395 02743 195.8 
92 397 715 .2906 1.4894 2,197 251927 4552 02842 197.6 
93 398 716 2934 1.4836 2.122 34.00 .4713 02941 199.4 
94 399 718 .2961 1.4779 2.050 32.86 .4878 03043 201.2 
95 400 720 .2989 1.4723 1.980 ШӘ 505 03149 203.0 
96 204 — 721] 016 1.4666 1.913 ЗОО 520 ‚03260 204.8 
97 40.2 72.3 .3043 1.4609 1.849 2963 .541 ‚03375 206.6 
98 403 72.5 3070 1.4552 1.787 28.64 .560 ‚03492 208.4 
99 40.4 726 .3097 1.4496 1.728 27.60 .579 03611 210.2 
100 405 728 3125 1.4441 1:671 26.78 .598 .03734 212.0 
101 406 73.0 3152 1.4386 1.617 25.90 4618 ‚03861 2158 
102 406 732 .3179 14220 1.564 25.06 .639 ‚03990 215.6 
103 407 71) .9205 . 1.4275 1.514 24.25 (661 .04124 217.4 
104 40.8 73.5 3232 1.4220 1.465 23.47  .683 .04261 219.2 
105 400 737 „3259 1.4165 1.419 22-1 Т/І ‚04400 221.0 
106 410 738 .3286 1.4111 1.374 ЮО 725 04543 2228 
107 411 74.0 д2 14057 1.33] 21386 751 04692 224.6 
108 412 742 3339 1.4003 1.289 204 .776 04845 226.4 
109 41.3 74.3 3365 1.3949 1.248 19.99 801 .0500 228.2 
110 414 74,5 .3392 1.3895 1.209 1937) „8727 0516 230.0 
111 414 746 3418 1.3842 12172 1872 855 0533 231.6 
112 415 748 3445 1.3789 1.136 18.20 .880 0550 233.6 
113 41.6 75.0 2471 1.3736 1.101 17.64 .908 10567 235.4 
114 417 751 .3498 1.3683 1.068 1710 .936 0585 2972 
115 418 75.3 3524 13621 1.036 16.59 .965 0603 239.0 
116 41.9 75.4 ЗА) 1579 1.005 16.09 .995 .0622 240.8 
117 420 756 ОЛ 188527 .9746 15.61 1.026 .0641 242.6 
118 421 758 “0020 11475 9460 15.16 1.057 .0659 244.4 
119 422 75.9 3628 1.3423 99183 14.72 1.089 .0679 246.2 


(continued) 
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TABLE 166.—PROPERTIES OF SATURATED STEAM (continued) 171 


Metric and common units, 0° to 220°C 


Heat equivalent 
Heat of the Heat of of 


~ Temperature 
degrees C 

~ Temperature 
degrees F 


Pressure liquid vaporization internal works 

oO OO FF 

mmHg kg/cm? lb/in.2 kg cal Btu kg cal Btu kg cal Btu 

n Р р 4 4 7 7 р р 

120 1489 2024 2879 |2047 216.7 525.6 946.0 4834 870.0 248.0 
ІШІ 1537 20500 2972 ШЕН 22155 524.9 944.8 4826 868.6 249.8 
122 1500" 21500 39.66 122.5 220.4 5242 943.5 4818 867.1 2516 
123 1636 2.224 31.64 29:57 72222 523.5 942.3 481.0 865.8 253.4 


124 1688 2.294 32.64 124.5 2241 5228 9410 480.2 864.3 255.2 


125 1740 2.366 33.66 Woes 2259 5921 2 479.4 863.0 257.0 
126 1795 2440 34.71 120.5 7277 521.4 938.6 478.6 861.6 258.8 
127 ТЕО 2.5108. 35.78 279 2205 2207 9 477.8 8602 260.6 
128 1907 2.593 36.88 1286 2514 00 ОШ 4770 8588 262.4 
129 1966 2.673 38.01 9072070 519.3 9348 476.3 857.4 264.2 


130 202027218 391 1306 2251 56 9200 475.5 856.0 266.0 
131 2087 2.837 40.36 1510089273069 IP 9 9243 4747 854.6 267.8 
132 21502 02080 41.57 1520 9750.7 ENS ОШ] 4740 8532 2006 
133 2214 3010 42.81 133.7 240.6 202100 920 4733 8518 271.4 
134 2280 3100 4409 1347 2424 ШЕ 955 4725 850.4 2092 


135 2348. 3102 45.39 135.7 244.2 SIS] 942 471.6 848.9 275.0) 
136 2416 3.285 46.73 136.7 240.0 5144 925.9 470.8 847.5 276.8 
137 2487 3.382 48.10 157.7. 72279 513.7 5226 4701 846.1 278.6 
138 2560 3480 49.50 1388 249.7 ӘЛ) 955 469.3 844.6 280.4 
159 2634 3.581 50.93 139.8 251.6 2123 027] 468.5 843.3 202.2 


140 210 3057 52.39 140.8 253.4 3115 9207 4676 841.8 284.0 
141 288 417807 53.89 1418 225323 5310.7 9195 466.8 | 8402 285.8 
142 2866 25977755435 1425 257.1 5101 9181 466.1 838.9 287.6 
143 2948 4.008 57.00 1430 259.0 5093 9167 465.3 837.4 289.4 
144 3030 4.121 58.60 144.9 200.8 5086 915.4 4644 835.9 212 


145 3115 4.236 60.24 145.9 2627 507.8 9141 4636 834.5 2970 
146 3202 4.354 01,92 146.9 2645 50/1 9125 462.8 8531 294.8 
147 3291 4.474 063.64 148.0 260.4 506.4 911.5 462.0 831.6 296.6 
148 ӘШІР 4597 05.39 149.0 268.2 5056 9101 4612 8301 298.4 
149 3474 4.723 67.18 150.0 2701 5049 9088 460.4 8287 300.2 


150 3569 4.852 (0901 151.0. 2719 5041 907.4 450.5 8272 302.0 
151 3665 4984 70.88 52 82018 503.4 906.1 458.7 8257 303.8 
152 3764 5.118 72/79 1531 22450 502.6 904.7 4579 8242 305.6 
153 3865 5255 74.74 154.1 277.4 501.9 903.3 4571 8227 307.4 
154 3968 5.395 706.73 |391 “2792 ӘЛІ 9019 456.3 8212 309.2 


159 407518 5520” 1276 150,2 || 500.3 900.5 455.4 819.6 311.0 
156 4181 5.684 80.84 157.2: 2063.0 4990 86902 4546 8182 312.8 
57 4290 5833 82.96 1582 2848 498.8 897.8 453.8 8107 314.6 
158 4402 5.985 85.12 1599 2567 498.1 890.5 4530 — 81555 316.4 
159 4517 6141 87.33 160.3 288.5 497.3 895.1 452.1 817 3152 


160 4633 6.300 89.59 161.3 2904 496.5 8937 451.2 8122 320.0 
161 4752 6.462 91.89 152.3. 22927 4957 — 8023 450.4. 8107 321.8 
162 48/4 6.028 9425 163.4 2941 494.9 890.9 449.5 8092 3286 
163 4998 6.796 96.65 1044 295.9 494.2 889.5 4487 8072 325.4 
164 5124 6.967 99.09 165.4 2977 4934 888.1 447.9 8062 327.2 


165 529920 7 142 101.6 166.5 299.0 492.0 886.7 4470 804.7 329.0 
166 5384 7.320 104.1 167.5 301.5 491.9 8854 446.3 803.3 330.8 
167 БӘЛЕ 7.502 106.7 168.5 303,3 491.1 883.9 445.4 801.7 332.6 
168 5655 7.688 109.4 I59 MOS] 490.3 8825 444.6 800.1 334.4 
169 5/94 7877 1120 170.6 307.0 489.5 881.0 443.7 798.5 330.2 


(continued) 
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]72 TABLE 166.—PROPERTIES OF SATURATED STEAM (continued) 


Temperature 
degrees C 


129 


130 
131 
132 
133 
134 


135 
136 
137 
138 
130 


140 
141 
142 
143 
144 


145 


147 
148 
149 


150 
151 
152 
153 
154 


155 
156 
157 
158 
139 


160 
161 
162 
163 
164 


165 
166 
167 
168 
169 


Heat equiva- 
lent of exter- 
nal work 


kg cal 
Ари 
42.2 
42.3 
42.4 
425 
42.6 


42.7 


ЕЕЕ ЕЕЕ 


рее бое que qup E T TE E Pppos жыры 
бо МА л блл МЮЗоС (00530200 блм моо 


пл Оли nutu BRRRR à 


Btu 

Ари 
76.0 
76.2 
76.4 
76.5 
76.7 


OO Оо OO Oo OO oo OO OO OO OO оо 
к=к кекс 55555 © 


Qooo оооо оо оо оо 
м2 а d а 
=D OONIAm О моль м 


гә ғә 


OQ OO OQ 
NNN 
л бо 


Metric and common units, 0° to 220°C 


Entropy 


of the 
liquid 
9 
.3654 
.3680 
.3705 
.3731 
.3756 


.3782 
„3807 
„3833 
3858 
„3884 


.3909 
3934 
3959 
9985 
.4010 


.4035 
.4060 
.4085 
.4110 
.4135 


.4160 
.4185 


SMITHSONIAN PHYSICAL TABLES 


Specific volume 


Entropy 
of evapo- 
ration 
T m?3/kg 
m 5 
1.3372 .8914 
1:332] .8653 
1.3269 .8401 
1.3218 .8158 
1.3167 ‚7924 
1.3117 ‚7698 
1.3067 .7479 
1.3017 .7267 
1.2967 ‚7063 
1.2917 6867 
1.2868 6677 
1.2818 6493 
1.2769 16315 
1.2720 6142 
1.2672 5974 
1.2623 5812 
1.2574 .5656 
1.2526 .5506 
1.2479 .5361 
1.2431 .5219 
1.2383 „5081 
1.2335 4948 
1.2288 .4819 
1.2241 ‚4694 
1.2194 .4574 
1.2147 .4457 
1.2100 .4343 
1.2054 4232 
1.2008 4125 
1.1962 .4022 
1.1916 ‚3921 
1.1870 ‚3824 
1.1824 3729 
1.1778 3037 
1.1733 .3548 
1.1688 .3463 
1.1644 .3380 
1.1599 .3298 
1.1554 .3218 
1.1509 „3140 
1.1465 .3063 
1.1421 .2989 
1.1377 .2920 
171533 .2855 
1.1289 .2792 
1.1245 .2729 
1.1202 .2666 
1.1159 .2603 
1.1115 .2540 
1.1072 .2480 
(continued) 


ШӘЛІ 
5 
14.28 
13.86 
13.46 
13.07 
12.69 


12.93 


11.98 ' 


11.64 
11.32 
11.00 


10.70 

10.40 

10.12 
9.839 
9.569 


9.309 
9.060 
8.820 
8.587 
8.360 


8.140 
7.926 
7.719 
7.519 
7.326 


7.139 
6.957 
6.780 
6.609 
6.443 


6.282 
6.126 
5.974 
5.826 
5.683 


5.546 
5.413 
5.282 
5.154 
5.029 


4.906 
4.789 
4.677 
4.571 
4.469 


4.368 
4.268 
4.168 
4.070 
3.975 


Density 
kg/m? lb/ft8 
1 1 
5 5 
1122 .0700 
1.156 .0721 
1.190 .0743 
1.226 .0765 
1.262 .0788 
1.299 .0811 
1.337 0835 
1.376 ‚0859 
1.416 0883 
1.456 ‚0909 
1.498 0935 
1.540 0961 
1.583 ‚0988 
1.628 1016 
1.674 1045 
1.721 1074 
1.768 1104 
1.816 1134 
1.865 1165 
1.916 1196 
1.968 1229 
2.021 1262 
2.075 1296 
2.130 1330 
2.)86 1365 
2.244 1401 
2.303 1437 
2.363 1475 
2.424 1519 
2.486 1552 
2.550 ‚1592 
2.615 1632 
2.682 1674 
2.750 ‚1716 
2.818 1759 
2.888 .1803 
2.959 .1847 
3.032 .1893 
3.108 .1940 
3.185 .1988 
3.265 .2038 
3.345 .2088 
3.425 .2138 
3.503 .2188 
3.582 .2238 
3.664 .2289 
3.751 .2343 
3.842 .2399 
3.937 .2457 
4.032 .2516 


Temperature 
degrees F 


Temperature 
degrees C 


179 


189 
181 
182 
183 
184 


185 
186 
187 
188 
189 


190 
191 
192 
193 
194 


195 
196 
19/ 
198 
129 


200 
201 
202 
203 
204 


205 
206 
207 
208 
209 


210 
211 
212 
219 
214 


215 
216 
217 
218 
219 


220 


TABLE 166.—PROPERTIES OF SATURATED STEAM (continued) 


Metric and common units, 0° to 220°C 


Heat equivalent 
of 


Heat of the Heat of 
Pressure liqut vaporization internal works 
А т--------. . 
mmHg  kg/cm? lb/in.? kg cal Btu kg cal Btu kg cal Btu 


p p p q q % r p p 
5937 8.071 114.8 171.6 308.9 488.7 879.6 4428 7970 
6081 8.268 117.6 17209 75107 4879 8783 4419 795.6 
6229 8.469 120.4 1735 E5128 4871 876.9 4411 794.1 
6379 8.673 123.4 174.7? 314.5 486.3 8754 440.2 792.5 
6533 8,882 126.3 17577 316.3 485.5 873.9 439.4 790.9 


6689 9.094 129.4 ІО 3182 4847 872.4 438.5 789.3 
6848 9.310 132.4 177.8 320.0 4830 871.0 437.7 787.8 
7010 9-1 135.6 178.8 3218 483.1 869.5 436.8 786.2 
7178 9.755 1386 252227 482.3 868.1 4360 7847 
7343 9.983 142.0 ТОЛО 2256 4814 866.6 435.0 7820 


Jee 10216 145.3 Јо ;27.5 4806 865.1 434.2 781.5 
7688 10.453 148.7 1553 8329.3 479.8 863.6 4343 7419 
ов 10993 1521 184.0 331.2 4790 8622 432.5 778.4 
8046 10.940 155.6 185080 5535.0 478.2 8607 4250 77709 
6090» 11160 71592 186.1 334,9 4774 8592 4305 775.3 


8417 11.44 162.8 187.1 336.8 4766 857.7 4299 773.7 
8608 11.70 166.5 1881 338.6 475.7 856.3 42007 7420 
БОД 119277 1702 189.2 340.5 4748 854.7 428.0 770.5 
809% 1224 1740 190.2 342.4 474.0 853.2 427.2 768.9 
92007 12.51" 177.9 191.2 3442 473.2 ВИ 426.3 767.4 


9404 1279 1818 192.3 346.1 472.3 850.2 425.4 765.8 
Об 15070 185.9 193.3 3479 471.5 848.7 424.5 764.2 
9823 13.36 190.0 194.4 349.8 4706 84741 423.6 762.5 
10038 13.65 194.1 1954 351.7 4698 8456 4228 761.0 
10256 13.94 198.3 196.4 353.5 468.9 844.1 4219 7224 


10480 1425 202.6 197.5 T 355.4 468.1 842.5 4210 757.7 
10700 14.5 207.0 198.5 8257. 467.2 841.0 420.1 756.1 
10930 14.87 2114 199 3 - 466.4 839.5 419.2 754.6 
Du 15.16% 216.0 200.6 361.1 465.6 838.0 4184 753.4 
О 15. 2200 201.6 302) 4647 836.4 417.4 751.3 


116507 15.84" 2252 202.7 364.8 4638 834.8 416.5 749.7 
11890 16.17 230.0 203.2 5607 4629 833.8 4156 748.1 
12140 16.51 234.8 204.7 368.5 462.1 831.8 4148 746.6 
12400 16.85 2397 205.8 370.4 461.2 8302 413.8 744.9 
12650 17.20 244.7 206.8 372.3 460.3 8286 412.9 743.3 


129207: 17500 24958 207.9 374.1 459.4 827.0 412.0 741.6 
IS 19098 17 ОР 254-9 208.9 376.0 458.6 825.4 411.1 740.0 
13450 1820 2601 210.0 377.9 457.7 8238 4102 738.3 
13730 1866 2654 211.0 3798 456.8 822.2 409.3 736.7 
14010 19.04 270.8 2] 2E 381-6 4550 820.6 408.4 735.1 


14290 1943 276.3 ОО 1525 455.0 8191 407.5 733.6 
14580 1982 2819 2141 3854 4541 817.4 4066 7319 
14870 2022 2876 212262273 4532 815.8 4057 730.2 
15 70% 20.02 20933 216.2 592 4524 814.3 404.9 728.7 
1547055 21:05: 2992 AVES) 501.1 451.5 ЕМ 4040 727.1 


15780 2745 30541 ИСЗ 920 450.6 811.0 4031 725.4 
16000 21.88 3111 219.3 394.8 4496 809.3 4021 7237 
ТОТО 22. 3988517. 220.4 396.7 4487 8077 4017 — 7228] 
16730 22774 323-5 221.4 398.5 447.8 806.1 400.3 720.5 
17060 2310 32948 222.5 400.4 446.9 804.5 399.4 7189 


17390 2364 3362 2235 402.3 446.0 802.9 398.5 717.3 
(continued) 
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ЇЗ 


„ Тетрега{иге 
degrees F 


— 
N 
A 


Temperature 
degrees C 


179 


180 
181 
182 
183 
184 


185 
186 
187 
188 
189 


190 
191 
197 
193 
194 


195 
196 
197 
198 
199 


200 
201 
202 
203 
204 


205 
206 
207 
208 
209 


210 
211 
212 
213 
214 


215 
216 
217 
218 
219 


220 


TABLE 166.—PROPERTIES OF SATURATED STEAM (concluded) 


Heat equiva- 
lent of exter- 


nal work 
ke Cal Btu 
Apu Apu 
45.9 82.6 
46.0 82.7 
46.0 82.8 
46.1 82.9 
46.1 83.0 
46.2 83.1 
46.2 83.2 
46.3 83.3 
46.3 83.4 
46.4 83.5 
46.4 83.6 
46.5 83.7 
46.5 83.8 
46.6 83.8 
46.6 83.9 
46.7 84.0 
46.7 84.1 
46.8 84.2 
46.8 84.3 
46.9 84.3 
46.9 84.4 
47.0 84.5 
47.0 84.6 
47.0 84.6 
47.0 84.7 
47.1 84.8 
47.1 84.9 
47.2 84.9 
47.2 85.0 
47.3 85.1 
47.3 85.1 
47.3 85.2 
47.3 85.2 
47.4 85.3 
47.4 85.3 
47.4 85.4 
47.5 85.4 
47.5 85.5 
47.5 85.5 
47.5 85.5 
47.5 85,5 
47.5 85.5 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 
47.5 85.6 


Metric and common units, 0° to 220°C 


Entropy 


of the 
liquid 
9 
.4880 
.4903 
.4926 
.4949 
.4972 


.4995 
.5018 
.5041 
.5064 
.5087 


‚5110 
ES 
9156 
.5178 
‚5201 


.5224 
‚5246 
.5269 
.5291 
‚5314 


.5336 
25058 
‚5381 
‚403 
‚5426 


‚5448 
‚5470 
‚5492 
‚5514 
‚5536 


.5558 
.5580 
‚5602 
.5624 
‚5646 


.5668 
.5690 
5712 
‚5733 
0752 


5477 
‚5799 


SMITHSONIAN PHYSICAL TABLES 


Entropy 


of evapo- 


ration 
Y 


I 


1.1029 
1.0987 
1.0944 
1.0901 
1.0859 


1.0817 
1.0775 
1.0733 
1.0691 
1.0649 


1.0608 
1.0567 
1.0525 
1.0484 
1.0443 


1.0403 
1.0362 
1.0321 
1.0280 
1.0240 


1.0200 
1.0160 
1.0120 
1.0080 
1.0040 


1.0000 
.9961 
.9922 
9882 
‚9843 


‚9804 
9765 
2/27 
9688 
‚9650 


961 
9572 
9534 
.9496 
.9458 


.9420 
.9382 
9344 
.9307 
.9260 


0232 
‚9195 
.9157 
22120 
.9084 


.9047 


Specific volume 


m?/kg 
72423 
.2368 
.2314 
2202 
2212 


‚2164 
2117 
20/2 
.2027 
1983 


194] 
‚1899 
T857 
.1817 
.1778 


.1740 
8702 
.1666 
.1632 
.1598 


.1565 
1533 
‚1501 
‚1470 
‚1440 


1411 
152 
1354 
1127 
‚1300 


.1274 
.1249 
1225 
.1201 
1177 


1153 
.1130 
1108 
.1086 
.1065 


.1044 
.1024 
.1004 
.0984 
.0965 


.0947 
.0928 
.0910 
.0893 
.0876 


.0860 


ft3/lb 
5 
3.883 
3.794 
3.709 
3.626 
3.545 


3.467. 


J391 
3.318 
3.247 
3177 


1109 
3.041 
2.974 
2.911 
2.849 


2/87 
2 27 
2.660 
2.614 
2.560 


2.507 
2.456 
2.405 
20059 
2.306 


2.259 
2.214 
2.169 
2.120 
2.083 


2.041 
2.001 
1.962 
1.923 
1.885 


1.847 
1.810 
1.774 
15739 
1.705 


15073 
1.640 
1.608 
1.577 
1.546 


1.516 
1.486 
1.458 
1.430 
1.403 


1.376 


Density 
kg/m? Ib/ft3 
1 1 
s 5 
4127 2.2575 
4.223 .2636 
4.322 .2696 
4.421 2.2758 
4.521 2.2821 
4.21 2.2884 
4.724 .2949 
4.826 .3014 
4.933 .3080 
5.04 ‚3148 
5415 3212 
527 .3288 
5.38 .3362 
5.50 .3435 
5.62 .3510 
5,75 .3588 
5.88 .3667 
6.00 .3746 
6.13 .3826 
6.26 .3906 
6.30 .3989 
6.52 .4072 
6.66 .4158 
6.80 .4246 
6.94 .4336 
7.09 .4426 
7:23 .4516 
7.38 4610 
7.53 4704 
7.69 ‚4801 
7.84 4900 
8.00 ‚4998 
8.16 .510 
8.33 .520 
8.50 Sal 
8.67 .541 
8.85 998 
9.03 .564 
ӘРЛІ 1549 
9.39 ‚587 
9.58 ‚598 
9.77 ‚610 
9.96 622 
10.16 634 
10.36 647 
10.56 ‚660 
10.78 ‚673 
10.99 ‚686 
11.20 ‚699 
11.41 713 
11.62 727 


Temperature 
degrees F 


сә 
5 
= 


TABLE 167.—PROPERTIES OF SATURATED STEAM 175 
Common units, 400° to 700°F 


Abridged from Steam tables and Mollier's diagram, by Keenan. Printed by permission 
of the publisher, The American Society of Mechanical Engineers. For detailed discussion 
see Mechanical Engineering, February, 1929, v, specific vol., ИЛЬ; АЙ, total heat, enthalpy, 
Btu/lb; s, entropy, Btu lb* ^F. The strict definition of total heat (internal energy + 
144/J) is adhered to; zeros of both h and $ are arbitrarily placed on the sat. liq. line at 
32°F. No internal energy values are tabulated but may be casily found by sub- 
tracting 144 pv/J írom the total heat, The energy unit, the Btu, is 778.57 ft-lb (J) is 1/180 
of the change in total heat along the saturated liquid line between 32° and 212°F. 


Specific volume Total heat Entropy 
Temp. Sat. Sat. Sat. Sat. Sat. Sat. 
D Abs. р. Па. Еуар. уарог Па. |. Evap. уар. liq. Evap. vapor 
t lb/in. 7, Vig D h, fo h 5, 59 Sy 


400 247.25 01865 1.8421 1.8608 375.0 9208 1200 .5668 .9602 1.5270 
405 261.67 (01873 1.7428 1.7615 380.4 821 1201 5730 .9491 1.5221 
410 276.72 .01880 1.6493 1.6681 385.9 816 1202 97024 9381 15173 
415 292.44 01888 1.5615 1.5804 3913 ІІ ІШ 56544 0271 15125 
420 308.82 01896 1.4792 1.4982 396.8 806 1203 5916 9161 150// 
425 200 01904 1.4022 1.4212 402.4 801 1203 5978 9052 15069 
430 343.71 01911 1.3295 1.3486 4079 796 1203 6039 .8942 1.4982 
435 002107 0009190172610 1.2802 413.5 790 1204 6101 .8835 1.4934 
440 381.59 01928 ЖЕ] 1965 2158 4191 785 1204 6162 .8724 1.4887 
445 401.70 019301 13560 11550 424.7 779 1204 6224 .8616 1.4839 
450 422.61 0195 10752 al 0977 430 774 1204 6284 .8507 1.4792 
455 444.35 .0195 1.0241 1.0436 436 768 1204 6346 .8398 1.4744 
460 466.94 ‚0196 ТӘЛ 2927 442 762 1204 6407 .8290 1.4696 
465 490.40 0197 0249 .9446 447 755 1204 6468 .8180 1.4649 
470 514.76 0198 15703 9701 453 750 1204 6530 .8071 1.4601 
475 540.04 0199 83561 .8560 459 744 1203 6592 .7962 1.4554 
480 566.26 ‚0200 ТАР” БЫ 465 738 1203 6654 .7852 1.4506 
485 593.47 0201 73091 ./ 204 471 731 1202 6716 .7742 1.4458 
490 621.67 .0202 7195 .7398 477 729) 1202 6779 .7632 1.4410 
495 650.87 .0204 6847 . 7050 483 718 1201 6842 .7521 1.4362 
500 681.09 0205 ОТО 672] 489 711 1200 .6904 .7410 1.4314 
505 712.40 0206 6201 .6408 495 704 1199 6968 .7299 1.4266 
510 744.74 0207 5903 4610 502 697 1198 7031 7187 TATS 
919 778.16 .0209 5618 .5826 508 690 1197 .7094 .7075 1.4170 
БО! 12.72 0210 ӘЛЕН .5557 514 682 1196 7158 (0902 14121 
925 848.43 0211 2000 5501 22] 045 1195 72222 .6851 1.4073 
530 885.31 0213 4845 .5056 527 667 1193 7286 .6738 1.4024 
535 223.39 .0214 4614 .4828 339 659 1192 4350 96625. 155905 
540 962.73 .0216 .4394 .4610 540 65] 1191 ./414 .6512 1.3926 
545 1003.4 0218 4184 .4401 547 643 1189 7478 .6399 1.3877 
550 1045.4 0212 3982 .4201 530 634 1188 7543 .6285 1.3828 
555 1088./ 0221 3789 .4010 560 626 1186 7007 .6170 1.3778 
560 1133.4 (02253 .3605  .3828 567 618 1184 7672 .6056 1.3728 
ШІ 11797 0225 .3429 .3654 574 609 1182 7737 .5940 1.3677 
ӘЙ) 1227.0 0227 3261 .3488 580 600 1180 4802 56822 12000 
ӘЙ “ШІ//6.2 0220 51019 3330 587 591 1178 7867 .5700 1.3576 
ЗІ 713272 0231 .2949 .3180 594 581 1176 7922 (5592 1.3524 
8595 13792 0234 .2804 .3037 602 972 ЖІ173 7998 .5474 1.3472 
5900 14327 ‚0236 .2664 .2900 609 562 1171 8064 .5356 1.3420 
595 1487.8 .0239 (2030 22702 616 952 IGS 9131 15237 12266 
600 1544.6 ‚0241 .2401 .2642 623 542 1166 ‚5198 65118 ИО 
ӨШ; 16632 .0247 .2159 .2406 638 521 1160 8332 .4875 1.3208 
620 17888 .0254 219552156 653 499 1153 8470 .4623 1.3093 
630 1921,9 .0261 1721 19562 670 475 1144 8612 .4358 1.2970 
640 20628 0269 1522 1/0 687 448 1155 8763 .4073 1.2836 
650 2211.4 0278 .1331 ОТО 705 417 1122 8924 .3764 1.2688 
660 2368.6 ‚0290 1148 .1437 725 384 1109 9007 .3426 1.2523 
670 2534.2 ‚0304 0966 .1269 748 344 1092 9287 .3049 1.2336 
680 2709.7 0322 (0781 1102 773 299 1071 И ио 
690 28968 0347 0580 .0936 803 241 1044 0755 2008 11652 
700 3096.4 .0394 .0353 320737 846 157 1003 1017 1394 ТІ 
705 3202.0 .0462 ПОД 59 888 73 962 1.0472 .0630 1.1102 
706.1 3226.0 10522 0 0522 925 0 925 1.0785 0 1.0785 





SMITHSONIAN PHYSICAL TABLES 





176 TABLE 168.—PROPERTIES OF SUPERHEATED STEAM * 
Common units, 212° to 3000°F 
Abs. P. 
(Sa t. Sat. Sat. 200 300 400 500 600 700 800 
°F) water steam SES °F Е °Е Е СЕ S 
7) 02 2682 2716 30.52 3465 38.75 42.83 46.91 50.97 
14696 h 180.0 11502 1154. 1192. 1239. 1286. 1334. 1382. 1432. 
(212.00 $ .3119 1.7564 1.762 1815 1.873 1/025 1.9727 T2010 m2057 
017 8.514 U 8.78 10.06 11.30 12.53 13.74 14,93 
50 250.0 1173.5 Л 1184. 1234. 1283. 1331. 1381. 1431. 
(281.01) 411 1.6580 5 16/2 1.734 1787 1.836 188041922 
.018 4.426 7) Mem 493 5.58 621 6.83 744 
100 298.3 1186.6 ћ 1227. 1278. 1328. 1378. 1429. 
(977 83) 4242 1.6022 5 1.651 1.708 1.757 1.802 1.844 
.018 3.010 U 222 3.68 4.11 4.53 494 
150 330.4 1194. ћ 12190 712732 19247713262 1022 
(358.43) 5140 1.569 s 1.599 1.659 1.710 1.756 1.799 
.018 2:295 v 2.3557 2722 3.06 3.38 3.69 
200 255! 1198. ћ 1210. 1268. 1321. 1373. 1426. 
(381.82) .543 1.545 5 1.559 1.623 167001722 170% 
‚0189 1.541 U 221 1765 200282224 9277155 
300 394. 1202. ћ 1257. 584313. 1368. 14272. 
(417.33) .5883 О 5 1.569 11.626 16/5 І719 
0194 1.160 U 1.283 1.474 1647 1812 
400 424. 1204. h 1244. 1306. 1362. 1418. 
(444.58) .622 1.484 $ es 1.528 1.588 1.640 1.685 
0198 926 v — sp. vol. СОТ 156 1.301 1.436 
500 450. 1204. А = total heat 1230. 381297. 1357. "ШІН 
649 1.463 s = entropy 1.491 1.558 1.611 1.659 
500 550 600 650 700 750 800 850 900 
°Е ШЕ °F °Е °Е ШЕ °F °F EE 
(0202 .768 792 .873 .943 1.008 1.069 1.186 о 1.295 
600 472 41202. 29215. 12551289. 1320% 1351 1409. h 1466. 
(486.17) 673 1445 1458 1499 1:532 1.5619 1.587 1636 $ 10/9 
.0206 053 U 725 791 .849 .904 18006 — Оз 
700 493. 1200. h 1242. 1280. 13122 1345: 1405. 1463. 
(503.04) 604 1.429 s 1.472 1.508 1.539 1.567 Той .. ОО! 
0209 .565 т КОЛО о о E 872 916 .958 
800 512. 1197. h 12291270. 13057 1338. 1400. 1430. 1460. 
(518.18) .714 1.414 $ 1.446 1.486 1.519 1.548 1.599 1.623 1.645 
.0213 .497 т” 1223 .584 .636 .682 768 .507 .845 
900 5309881103. й 14 1200: 120713252 1396. 1427. 1457. 
(531.95) 5198140] s 1.421 1.466 1.500 15802... 1:589. 1.600241:030 
0217 442 v 450 511 -560 (04 045 054" .72( 755 
1000 546. 1190. й 1197. 1249. 1289. 1325. 1358. 1391. 1423. 1454. 
(544.58) 747 1.388 $ 1.395 1.4446 1.483 1.514%1.538 11569 1.593 OI 
.0239 274 U 270 .330 .368 401 .432 .459 .484 
1500 618. 1168. h 1174. 1240. 1287. 1327. 1365. 1402. 1438. 
596.08) 815 536 s 1.342 1.403 1.444 1.478 1.509 1.537 1.564 
.0265 .188 vV 204 .247 .278 .305 .327 .349 
2000 679. 1129. ћ 1169. 1241. 1291. 1337. 1380. 1421. 
(635.61) ‚870 1.290 s 1.317 1.389 1.423 1.460 1.493 1.524 
0301 130 U 105552027 2200 7245-10) 
2500 743. 1096. ћ 1178. 1250. 1306. 1357. 1404. 
(667.98) 925 1.238 s 1.310 1.371 1.416 1.456 1.491 
0367 .084 v  .0083 1476 1742 .1947 .212 
3000 823. 1026. й 1066. 1199. 1271. 1331. 1384. 
(695.25) .992 1.168 $ 1.203 1.316 1.374 1.420 1.460 
* Abrideed from Steam tables and Mollier's diagram, by Keenan, 1930. 
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900 
СЕ 


55.03 
1483. 
2.096 
16.14 
1482. 
1.961 

8.04 
1481. 
1.884 

5.34 
1479. 
1.838 

4.00 
1478. 
1.806 
2.646 
1475. 
1.760 
1.970 
1472. 
12227 
1.566 
1469. 
1.701 


950 
©) 


.998 
1489. 
1.666 

882 
1487. 
1.652 

‚768 
1484. 
1.639 

‚508 
1472. 
1.589 

„367 
1459. 
1532 

.282 
1446. 
1.521 

eel 
1432. 
1.494 


1000 
EIS 
59.09 
1535: 
2.133 
17.34 
1534. 
1.998 
8.64 
1539: 
1.921 
575 
15352; 
1.876 
4.30 
1531. 
1.8438 
2.849 
1529. 
1.798 
2 125 
1527. 
1.766 
1.690 
1525: 
1.740 


1000 


.820 
15151 
1.660 

.530 
1505. 
1.612 

.384 
1495. 
1.574 

.298 
1484, 
1.548 

.240 
1473. 
1:523 


Printed by permission of publisher, 


Pressure 
(abs.) 


Ib/in.? 


ООО BALAN] 


со Ко М 
еее => с» со слано Е 


4 со 
= ёл 
c 


45.0 


958 


960 
1000 


TABLE 169.—PROPERTIES OF MERCURY VAPOR 


21.81 
22,58 


26.05 
26.81 
27.49 
28.08 
28.62 


29.11 
20.09 
30.75 
31.44 
32.06 
32.63 
E56 
33.66 
34.12 
34.55 


34.96 
36.09 
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Heat of 
уарогі- 


zation 
Btu 


128.15 
127.24 
126.92 
126.33 
125.89 
124.72 
123.99 
123.43 


122.98 
12212 
121.46 
120.93 
120.48 
120.08 
119775 
119.42 


119.13 
118.61 
118.15 
117.75 
117.38 
117.05 
116.74 
116.44 
116.17 
115.92 


115.67 
115.01 


402° to 1000° F 


Total 
heat 
Btu 


141.96 
142.60 
142.81 
143.23 
143.54 
144.34 
144.86 
145.24 


145.56 
146.16 
146.61 
146.98 
147.29 
147.57 
147.81 
148.04 


148.24 
148.60 
148.90 
149.19 
149.44 
149.68 
149.90 
150.10 
150.29 
150.47 


150.63 
151.10 


Entropy Entropy 
of liquid 


above 
jon 
.0209 
.0227 
.0233 
.0244 
.0251 
0271 
.0283 
.0292 


.0299 
.0312 
0322 
0330 
0336 
0342 
.0346 
ШЕШІ 


0355 
0561 
0367 
0372 
0377 
0381 
‚0385 
0589 
0592 
0395 


‚0398 
0406 


о 


уарогі- 


zation 


.1487 
.1408 
.1383 
21391 
‚1305 
1226 
1179 
1147 


4121 
.1075 
.1042 
.1016 
.0995 
.0977 
.0962 
.0949 


.0936 
.0915 
.0898 
.0882 
.0870 
.0856 
.0845 
.0835 
.0826 
.0818 


.0809 
.0788 


Total 
entropy 
.1696 
.1635 
.1616 
.1581 
1550 
‚1497 
‚1462 
1439 


.1420 
.1387 
.1364 
.1346 
1321 
135) 
.1308 
.1300 


-1291 
1270 
1263 
.1254 
.1247 
.1237 
21220 
1224 
1218 
1213 


.1207 
1194 


Specific 
volume 
{3/1 


114.50 
99.72 
48.45 
33.14 
2542 
15:26 

9.096 
6.9630 


5.6610 
3.8923 
2.983 
2.429 
2.053 
1.7815 
1.5762 
1.4147 


1.284 

1.086 
‚9436 
‚8349 

„.7497 
6811 
‚6242 
‚5767 
‚5360 
9012 


.4706 
.3990 


Weight 
уда 
.008733 
.016745 
.02064 
.03017 
.03948 
.07540 
.10993 
.14361 


.17664 
2509] 
13052 
.4117 
.4871 
.5613 
.6344 
.7069 


.7788 

.9204 
1.0597 
1.1977 
1.3338 
1.4682 
1.6020 
1.7340 
1.8656 
1.9952 


2.125 
2.506 


1/8 TABLE 170.—PROPERTIES OF LIQUID AMMONIA 
— 100° to + 250°F 








: Variation 7 
Saturation ren uou | pressi- 
à Specific pressure ШІН ДІ) ашу рег 

Р Density Р P variation | lb/in.? 

Temp. (abs Volume lb/ft? Bta/ib NN г. Ви / lb/in.? х 10% 

Е Ib/in.? ft3/lb di °F Btu/lb Btu/lb Ib/in.? (2% 139 

t Р у v C À ЈЕ l ЭРУ vN\opset 

—100 124 02197 45.52 (1.040) (—63.0) (633) 
— 90 186 02216 4512 (1.043) (—526) (628) 
8 274 1022256 44.72 (1.046) (—42.2) (622) 
E 3.94 .02256 44.32 (1.050) (—31.7) (616) 

— 60 5.55 02278 4301 1054 —2118 6108 —.006 0 44 

E 7.67  .02299 4340 1.058 —1061 604.3 —0017 .0026 46 

— 40 1044 023222 4308 1062 00 5976 —008 0025 48 

— 30 1390 002345 4265 1066 +1066 5907 —0019 0025 51 

— 20 1830  .02360 4222 1070 +2136 5836 —0020 0024 54 

“Іі 2374 02303 478 Ше 3211. 5764 -001 10023 ЕЙ 

0 30.42 ‚02419 41.34 1.080 42.92 568.9 —.0022 0022 6.0 

+ 10 38.51 ‚02446 40.89 1.085 53.79 561.1 —.0024 .0021 6.4 

+ 20 48.21 ‚02474 40.43 1.091 04.71 9991 —.0025 0020 6.8 

30 59.74 02503 39.96 1.097 7592] 544.8 —.0027 .0019 7.3 

40 (3:32 02533 30.49 1.104 86.77 5362 —.0029 .0018 7.8 

50 89.19 .02564 39.00 1.112 97.93 522} --.0031 0017 8.4 

60 107.6 02597 38.50 1.120 109.18 518.1 —.0033 .0015 Oat 

70 128.8 .02632 38.00 1.129 120.54 508.6 —.0035 .0013 10.0 

80 153.0 .02668 37.48 1.138 See 498.7 — .0038 001 10.9 

90 180.6 ‚02707 36.95 1.147 143.54 488.5 --.0041 0009 12.0 

+100 211.9 02747 36.40 1.156 15521 477.8 --.0045 ‚0006 13.3 


125 307.8 .02860 34.96 (1.189) (185) (449) 
150 4332 .02995 9939 (123 ) (210) (416) 
175 593.5 03160 3105 (ШЕ (248) (377) 
200 794.7 03373 290 ( 

( 


12 
1.29 ) 
1566") 2557 (332) 
250 1347 .0422 25 1.90 ) (365) (192) 
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TABLE 171.—COMBUSTION CONSTANTS OF SOME SUBSTANCES * 


Reciprocal of ) Heat of combustion 
ensity Spec. gravity 

Substance Formula т13/ 100 Ке air — 1.000 Btu/ft3 kg cal/m3 
о а UR С Т К... Же 7840.* 
МУ РОНЕ суу шук Н» 1177 б.959х10* 275.0 2445. 
Oxy geile E TTE О: 73.7 1.1053 ксп X 
Carbon monoxide ........ CO 84.4 .9672 3218 2860. 

Paraffin series: CHina 
Ме Бапе ил сн, 147.0 5543 913.1 8120. 
Ethane за. С.Н. 77.6 1.04882 1641. 14,600 
НЕ 22... САН» 52127 1.5617 2385. 21,200 
она о. Cubs 39.5 2.06654 3105. 27,600 
Olefin series: CnaHon 
ПОНЕО ее, С.Н, 83.6 .9740 5132 13,450 
Егор !епе КОО со. ока ЕНЕ 56.3 1.4504 2186. 19,400 
Бош епе ИУ... С.Н, 42.2 1.9336 2869. 25,500 
Aromatic series: CnaHon-e 
Бес...” С.Н. 30.3 2.6920 3601. 32,000 
ОЕ Не о... С.Н» 25:0 3.1760 4284. 38,100 
Ене EE eius C. Hic 222 3.6618 4980. 44,300 
Miscellaneous gases 

Ее EE eres sag С.Н, 89.5 9107 1448. 12,870 
NaphBthalencgm -2........ Син, 18.4 4.4208 5654. 50,300 
Кешу асо... CH;OH 737 1.1052 768.0 6830. 
Ethyl alcohol SA nen СНОН 519 1.5890 1450.5 12,900 
а 9 сасе: e NH; 136.5 „5961 365.1 3245. 
МН... 5 "s ub D. 2210.* 
Hydrogen sulfide ......... Н,5 68.5 1.1898 596. 5300. 


52 Shnidman, Louis (ed.), Gaseous fuels, p. 118, Amer. Gas Assoc., 1948. 
* Expressed in cal/g. 


TABLE 172.—FLAME TEMPERATURES AS MEASURED BY VARIOUS 





METHODS * 

Gas Burner Temp °C 
ПИО ИЕ ОСА СО ieee ео: Вон. ооо соль ГС 1420 
Mekep (center Пате) =... 1700 
(edge of fame): careen 1850 
IS Dancer ee e dies ER ht il MMC eoo ss 1680 
Поа Беле ааа. Bunsen а.о ШОШ 1760 
Оа а ае сенн. ВТА ао ЕС 1950 
itv Gas охуреп a e ves 6s р 7 СНТРНРРЕ 2300 
Garbommonoxide -- аг .......-.-......... Өл. а ERE 1985 
Кеба [methane (СЫЛП га 27 ..... p CMM Iesse 1880 
10% (90 CH, + 10% 0) + air ............. с о и ТРГ 1905 
16% (80 CH, + 20% 0) + air ............. EE ooo oo re mer a 1975 
Meo (75 CH, +2590) Сас EE... ЕЕЕ... ИИ 2005 
22 ON OU CH. -E-40 E) Sap о са ..... МИШЕ... а Vs 1910 
32% (26 СН. + 94 Н,) + аіг .............. а I PT 2015 
E YI T E eT IEEE es с и о ee 2045 
9% (80 СН, + 20 С,Н,) +- аіг ............. СИА... си И E 1970 
(15 СН, -+ 85 С.Н.) 4- А. у. T Ж. а ЛО ОЕТ 2275 
Pittsburgh natural gas ма... E. DE. — e 1950 
Пра пе а пл та eres ok се а AA и... 2000 
Пи ПУ ат 2222.22 2. НУ a o ТРЕ 2800 


NY а ве Еле 22700220025 МР АШКЫ та 3500 


* See also Table 175. 
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TABLE 173.—HEATS OF COMBUSTION OF SOME CARBON COMPOUNDS ® 


Given in kg cal at constant pressure per gram-molecular weight in vacuo. When reterred 
to constant volume the values should be 0.58 kg cali; smaller (at about 18*C) for each condensed 


gaseous molecule. Combustion products are CO;, liquid H:O, etc. 


Benzoic acid was adopted at 


Lyons as a primary standard, its heat of combustion, 6324 g cali; per gram in air, 6319 in vacuo. 
This is tacitly assumed as heat of isothermal combustion at 20°C. In absolute joules, 26,466 and 
26,445 respectively. The following ratios may be taken as standard: Naphthalene/benzoic acid = 
1.5201 (air); benzoic acid/sucrose — 1.6028 (air) ; naphthalene/sucrose — 2.4364 (air). 


Molec- kg calis 


For- ular per 
Compound mula weight g mol 
Isobutane (g) со све ве С.Н, 58 683.4 
п-Н@хапе ........... СН, 86.11 990.6 
n-Heptane .......... C-H;ie 100.13 1143.6 
п-Осгапе ........... CsHis 114.14 1304.2 
еее, res Ci1oH 2» 142.18 1610.2 
Hexadecane (s) ..... СаНа 226.27 2559.1 
Eicosane (s) ........ Coa Hag 282.34 3183.1 
Amylene ........... СН 70 803.4 
Hexylene ........... С.Н; 84.10 952.6 
Acetylene (g) ....... С.Н. 26.02 312.0 
АПу!епе (р) ........ Сан, 40 469 
Trimethylene (g) .... CsHeo 42 496.8 
Benzene hn a vos oes «На 78.05 7828 
Naphthalene (s) ..... Ci 4H« 128.06 1231.4 
Methyl-chloride (g)... СНзС! 50.5 168.7 
Methylene-chloride (v) CH;Cl.; 85.0 106.8 
Chloroform (1) a ore eee CHCls 119.5 242 
Сагђоп- К 
И ылу... ССІ; 154.0 3753 
Carbon-tetrachloride 
Е. үш n 44.5 
Carbon di- sulfide (DEG S» 76.0 394.5 
(уу Е d 246.6 
Allyl alcohol ........ C4H4O 58.05 442.4 
Formaldehyde (g) ... CH.O 30.02 134.1 
Acetone (v) ........ CHO 58 435.8 
Сатрћог (5) ........ С.„Н,6О 152.13 1411 
Sucrose: сапе (5).... С: Н»Оу 342.18 1349.6 
milk (s), 
anhd. .... Wi S 1350.8 
malt (s).... as 1351 


* ө а « ө ә « е ө « ө ә ө 


Propionic acid 


Ба (в) 
Trinitrotoluene (s). 


зоо ооо ооо 


Molec- 
ular 
weight 


kg calis 
per 
g mol 
4178.8 
4186.8 
4180.8 
62.8 





53 Karasch, Nat. Bur. Standards Journ. Res., vol. 2, p. 359, 1929. 


TABLE 174.—HEATS OF COMBUSTION OF MISCELLANEOUS COMPOUNDS 





Calories 

erg 
Substance substance 

ADAE ооа Не 9530 
EUNDO NUN ours uei tera EET 9200 
(auDoOn: amorphous . 9. 8080 
charcoal 4 ни s 8100 
diamond. eMe 7860 

graphite. ее. 7900 

(бюоррег (їо СиО)................ 590 
мате, 7/54... ............. 1290 
Бр мео. о. . 5700 
В О О а 8100 
Ша таптар... vu eR 9500 
:iemostobin «v2 o eh ee 5900 
осей 2o (ew нее 33900 
Iu (Фо ЕРе,Оз)... ............. 1582 
Magnesium (to MgO)........... 6080 
ӨШІ5: соПоп-сесі  ............... 9500 
fata) eae ы ыл ОА 9300 

ОШ е Кы etn Sus ОЕ 9400 


Calories 


er g 


substance 


.%444.%%ш%шежееесеееее 
* + о э ө ө ө ө ө ө ә ө ® ө ө е ө ө э у ө ө ө 

* оо» о ө о ө ө ө ө э э э ө ө ө ө э ө э э > 
* о э ө ө ооо ово ө ө ө е ө свое 


Рагаћп (о СО, Н 
Рагаћп (to CO; H;O g) 


"* * ө ө ө 9 ө э о 
. « ө =е® ө ө ө э ө 


9€ 9 9 е ө ө * 9 эө св • ө B 9 * » е ө ө ө ө ә э е 


Sulfur, rhombic ... 
Sulfur, monoclinic 


beech, 13% Н?О 
birch, 12% Н;О 


oe ee eee eae ee eve 


ооо э» ө ө ө Ф ө э 6 


eeeee eee 
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TABLE 175.—HEAT VALUES AND ANALYSES OF VARIOUS FUELS 
Part 1.—Coals 


© 5 = 
5 25 "= Б 
Соа! 2, SE Im 5 2 т 5 Z 
po Low grade .... 38.81 25.48 27.29 842 .97 7.09 37.45 .50 
шы High grade ... 33.38 27.44 29.62 9.56 .94 6.77 41.31 (67 
Sub-bitu- í Low grade .... 22.71 34.78 36.60 5.91 .29 6.14 52.54 1.03 
minous \High grade ... 15.54 33.03 46.06 5.37 .58 5.89 60.08 1.05 
Bitu- Low grade .... 11.44 33.93 43.92 10.71 4.94 5.39 60.06 1.02 
minous High grade ... 3.42 34.36 58.83 339 .58 525 77.98 1.29 
Semi-bitu- f Low grade .... 2.7 14.5 75.5 7.3 99 4,58 80.65 1.82 
minous \High grade ... 3.26 14.57 78.20 3.97 .54 4.76 84.62 1.02 
Semi-anthracite .......... 2.07 9.81 78.82 9.30 1.74 3.62 80.28 1.47 
Anthra- Low grade .... 2.76 2.8 82.07 12.60 .54 223 7922 .68 
cite High grade ... 3.33 327 8428 9.12 .60 3.08 81.35 79 
Oven Low grade .... 1.92 1.58 88.87 8.99 118 — -- — 
соке High grade ... 1.14 04 9466 3.57 69 — — — 
Part 2.—Peats and Woods (air dried) 
Vol. 
hydro- Fixed Sul. Hydro- Nitro- 
carbon carbon Ash fur gen Carbon gen 
Peats: 
Franklin County, N. Y... 67.10 28.99 3.91 15 593 5717 1.48 
Sawyer County, Wis.... 56.54 27.92 15.54 29 471 5100 1.92 
Woods: 
Or. ауа e oss. — 37 6.02 5016 2.09 
БОШ ЧАГУ ОУ sees — — .20 -- 6.06 4888 10 
Pine асу е. — -- .37 6.20 50.31 .04 
Part 3.—Liquid fuels * 
Fuel Gravity API f Btu per pound 


Aviation gasoline 
Motor gasoline 


Kerosene 


Domestic fuel oil...... 
Diesel fuel oil........ 


Medium industrial fuel oil 


Heavy industrial fuel oil 


Petroleum ether 


* ө ө ө • ө ө е ө ә ө е Ф е % о о е 


*« 9 6 € « « э € 9 ө е е ө * ө * ө 


4 • ө ө ө ө ө «ө « «с « е «ө «ч ә ө ә © 


e e *$ 9 • 6 9 € е е е е а а о о о о 


° 9069992928225 Фе ө о ө ө 


e e • ө 9? $ ө э «% э * ө 9 € € 9 ө э 9$ ө * € а ө 


68 


Alcohol, fuel or denatured with 7-9% water 


and denaturing material 


Industry) unit — 
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sp.g.60? /60? 


44... в«. е «е г. е е 


— 131.5. 


82% 


* Prepared by E. W. Dean, Standard Oil Co. of New Jersey. 
= t Spec. gravity 15°C. 


(continued) 


20,420 
20,120 
19,810 


19,450 
19,350 


18,930 
18,590 
22,000 


11,600 


§ Calories per 


Cal/g 


3526 
3994 
ENS 
5865 
6088 
7852 
7845 
8166 
7612 
6987 
7417 
7946 
8006 


Оху- 


gen 


Calories 
per g 


5726 
4867 


21-30 
26.54 


43.36 
44.67 
43.08 


4620 
4771 
5085 


181 


Btu 
per 
pound 


10307 
8761 


8316 
8588 
9/33 


Btu per gallon 


120,700 
125,800 
134,700 


141,200 
143,100 


149,400 
153,900 
12,2208 


6,4508 


gram. 


T API (American Petroleum 
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TABLE 175.—HEAT VALUES AND ANALYSES OF VARIOUS FUELS 
(concluded) 


Part 4.—Gases ** 


Spec. gravity 
Air = 1.000 


.60-1.29 


Substance 
Ша та! НЫ е 


Propane (commercial) natural gas... 1.55 
Propane (commercial) refinery gas.. 1.77 
Butane (commercial) natural gas.... 2.04 


Butane (commercial) refinery gas.... 2.00 


Ene... mei EX VS 1.16 
QUUD TUERI ооо. а 37 
шол раз ...............-.........1 47 
осе Раз ................4.-. ‚86 
К не ран e eerte NN ees :57 


** For reference, see footnote 52, p. 179. 


Heat of combustion Flame temperature 


kg cal/m? *C (no excess air) 
8040-17,400 1965 
20,950 2015 
20,600 - 
26,350 2005 
26,100 = 
4590. = 
4535. 2000 
4320. 1980 
1182. 1655 
2330. E 


Part 5.—Gross calorific values of crude petroleum * 


Area 205 Jae Ви ЛЬ Cal/g 
Borneo l ees .898 19,370 10,760 
Гаа 7... 863 18,800 10,490 
Пара. (025 20,670 11,480 
Бо. 800 20,010 11.120 
Rümania 2-2... .936 18,920 10,510 
Сапа Ча ...... .855 19,420 10,790 
о 066 18,180 10,100 
јачина... 941 18,360 10,200 


5! Science of Petroleum, vol. 2. 


Part 6.—Sugars 1 


Sugar kg cal /mol 
T= SOLDOSC Mee 2 see. ec sa 670.30 
B-d-Levulose ................ 671.70 
a-d-Galactose ................ 666.76 
асосе о. 1345.47 
B-Maltose monohydrate ...... 1360.50 
a-Lactose monohydrate ....... 1354.66 
ВО еони kg 1349.00 


Атеа ABIT Btu/Ib Cal/g 
California ....... 960 18,590 10,330 
м... .838 19,710 10,950 
Oklahoma ...... 886 19,420 10,790 
Pennsylvania .... .828 19,780 10,990 
ПАСА... 943 18950 10,520 
Areentina 2...... .989 18,540 10,300 
Patagonian с ...... (948 18,970 10,540 

Sugar kg cal /mol 
а 056106056. = 669.58 
a-d-Glucose hydrate .......... 666.73 
а-Мопора1тїиїп ............. 2778.78 
B-Moanopalmitin’  -. 2788.30 
Асов аа „ое. 2. 560.60 
a-D-Glucose pentaacetate ..... 1718.62 
B-D-Glucose pentaacetate ..... 1722.63 


1 Prepared by G. Stegeman, University of Pittsburgh. 


SMITHSONIAN PHYSICAL TABLES 


TABLE 176.—NONFLAMMABLE LIQUIDS FOR CRYOSTATS 183 








НУ ЕТ СС “GHC! 4%  C;HiBr 32 39* Мо. 40 
Freezing point .... °C --23 --63 —81 —119 — 139 —145 —150= 
Compositions: * No. 4; CCls, 49.4% ; CHCls, 50.6%. 
Мо. 32; CHCls, 19.7%; C:HsBr, 44.9%; C:H:Ch, 13.8%; C:HCls, 
21.6%. 
No. 39: CHCls, 14.5%; C:HsBr, 33.4%; C:H:Ch, 10.4%; C:HChs, 
16.496; CH3Cl, 25.396. 
Мо. 40; СНС, 17.99; С.Н,Сі, 9.3%; С:Н,Вг, 40.790; С.Н,С1», 12.5% ; 
С.НСЬ, 19.6%. 


> s 9 5 © © 2 7 $ 

со СА =ч — — = - = = 

| | | | | | | | | 

Viscosities in С,Н.Вг .... 1.81 225 289 386 5.6 Ou AT e d. 
centipoises: No. 32 ..... 303 4.57 7.4 13.7 29.3 81 Ж т 
Гоа ee: 199 257 50 50 10 22.3 85 242 1480 
ЫЗ 4022.22... 288 380 59 10.2 22.5 717 1700995] 


* Because of volatility and oxidation of some, these liquids should be kept in well-stoppered bottles 
when not in use. 





а 


TABLE 177.—DATA ON EXPLOSIVES 





Calculated 
tempera- 
tur 
Vol. gas Соећ- Coeff- Q/C 
pergin Calories cient cient C, sp. ht. 
cm’ per о СР gases 
Explosive —V p) = 1000 == == dd 
ПЛЕНОМ ue ео ra ie E. 280 /38 207 1 2240% С 
инан усег!пйе „......................... 741 1652 1224 6 6880 
Nitrocellulose, 13% Na. cv. Er mee 923 931 859 4.3 3876 
Cordite, Mk. I. (NG, 57; NC, 38; Vaseline, 5). 871 1242 1082 5/2 5175 
Cordite, MD (NG, 30; NC, 65; Vaseline, 5).. 888 1031 915 4.4 4225 
Ballistite (NG, 50; NC, 50; Stabilizer, 5).... 817 1349 1102 5.5 5621 
Piene acd (Lyddite) оон «age es 877 810 710 3.4 3375 


_ E a E A E A a a a a a ————_ 


Shattering power of explosive = vol. gas per g x cals/g x V, x density where V, is the velocity of 
detonation. 

Trinitrotoluene: 7, = 7000 m/sec. Shattering effect — .87 picric acid. 

Amato! (ammonium nitrate -++ trinitrotoluene, TNT): V,- 4500 m/sec. 

Ammonal (ammonium nitrate, TNT, Al): 1578 cal/g; 682 cm? gas; V, — 4000 m/sec. 

Sabulite (ammonium nitrate, 78, TNT 8, Ca silicide 14): about same as ammonal. 


TABLE 178.—TIME OF HEATING FOR EXPLOSIVE DECOMPOSITION 





Temperature "С 170 180 190 200 220 Ignition temperature 
Time sec sec sec sec sec eC EC 
Black powder ......... n n n n n 440 — 
Smokeless powder A.... 600 195 130 45 23 { 300 
Smokeless powder B.... 190 130 — 90 25 Е 
Celluloid pyroxylin .... 170 60 — 21 9 — — 
Collodion cotton ....... 870 165 67 56 18 300 — 
Celluloid a aae er 160 100 60 50 30 590 450 
Safety matches ........ n 340 240 150 60 — — 
Ва ог пабе... n n n 590 480 — — 
Cotton wool ........... — — — — — 900 — 


n, failure to explode in twenty minutes. 

* The decomposition of nitrocellulose in celluloid commences at about 100° C; above that the heat of 
decomposition may raise the mass to the ignition point if loss of heat is prevented. Above 170°, 
decomposition occurs with explosive violence as with nitrocellulose. Rate of combustion is 5 to 10 times 


that of poplar, pine, or paper of the same size and conditions. f Measured by contact with porcelain 
tube of given temperature. Average. i Measured by contact with molten lead. Average. 
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TABLE 179.——CHEMICAL AND PHYSICAL PROPERTIES OF FIVE DIFFERENT 
CLASSES OF EXPLOSIVES 


= а бе 
2 ЗЕ É и" 
5 fey ЕБ 5 £ 55 ЗЕ, 5 
сы ЗЕЕ ДЗ cec © Ши 345 es 
о2о бшу 99 БЕ Е 55 242 pds 
2 omz Som v § ол 52 Ф da ESE но 
5 azg S58 28 57 та Е 25 9909 82: 
ed гесе шз, 5,9 m ue x ны а 52: 098 
ы ӨРЕ Одо FF E m «9 of She вах 
o 589 Бу] МЕ pa se SCANS. Е 
uu oe SES 4% ег Š = во 595 2 
o E non wo vt Be to E Sa Чоз Bue 
| е Бе 29% ЕЕ S9 se о 4% SSS fas 
Ехріовіуе un Z а, = =. A = Q А. = 
kg/cm? g m/sec m/sec In. In. Е Е 
(A) Forty percent nitro- 
glycerin dynamite. 1.22 1221.4 8235 227% 4688 .358 2463 12 Ps 25 
| 14.5 
(B) FFF black blasting 
powder ........ 125 789.4 4817 3741 469.41 925. 5432 -- 1544 25 
458% 126.9 
4.11 
(С) Permissible ехріо- 
sive; nitroglycerin 
Bliss 22202222222 1.10 760.5 5912 301% 3008 4711 27.79 4 1039 1000 
65.1 
15.4 
(D) Permissible explo- 
sive; ammonium 
nitrate class ...... 7 9928 7300 279% 34388 .483 25.68 1 89.8 800 
27.5 
75.5 


(E) Permissible explo- 
sive ; hydrated class. 1.54 6106 6597 434% 24709 .338 17.49 3 861 Over 


56.0 1000 
33.0 
Chemical aualyses 

иге 22.22.2202. oe .91 ОТО Це ccr И 123 
Nirroglycerin а csn ы 39.68 Ammonium nitrate ............. 83.10 
Sodium ае а р 42.46 SMUL 6 20. Ӛ И И ‚46 
Wood pulp mee P aa e e a 13.58 AD оа ОНИЕ 2.61 
Calcium carbonate ............. 27/7 Mood pulp .....„.. 29 7 70 0 1.89 
| Poisonous matter и 2.54 
POG UG ЕС 80 Manganese peroxide ............ 2.64 
ОЈ па бе о 70.57 Sonde 9. — 0. -- 6.53 

rd АТ ТТТ 1525 
MEUM UU I eei eo E и (E) Moisture ..................... 2,34 
СОО Ее а 7.89 Nitroglycerin .. -s 30.85 
ЕСЕ сеи 2. 24.02 Ammonium nitrate 22 9.94 
Sodium nitrate .. sA s oae a 36.25 Сапа ..... 2... 1,75 
Wood pulp and crude fiber from Coal «....... ит 11.98 
Е ае a 9.20 Сау ни т ._ 7.64 
Тасо ео ЕИ 21:31 Ammonium sulfate]... E 8.96 
Calcium: carbonate... ..- een 97 Zincmsulfate НОЈ . 6.89 
Magnesium “ X... .36 Potassium sulfate и 19.65 
* One pouud of clay tamping used. f Two pounds of clay tampiug used. f Rate of burning. 

$ Cartridges 12 iu. diam. i For 300 grams. 
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TABLE 180.—THERMOCHEMISTRY. CHEMICAL ENERGY DATA 185 


The total heat generated in a chemical reaction is independent of the steps from initial to final 
state. Heats of formation may therefore be calculated from steps chemically impracticable. 
Chemical symbols now represent the chemical energy in a gram-molecule or mol(e) ; treat re- 
action equations like algebraic equations: CO + O = CO: + 68 kg cal; subtract C + 2 O = CO; 
+ 97 kg cal, then C + O = СО 29 kg cal. We may substitute the negative values of the forma- 
tion heats in an energy equation and solve MgCl. + 2 Na —2 NaCl + Ме + х Ке са]; — 151 = 
— 196 + x; x= 45kg cal. Heats of formation of organic compounds can be found from the 
heats of combustion since burned to HzO and CO:. When changes are at constant volume, energy 
of external work is negligible; also generally for solid or liquid changes in volume. When a gas 
forms a solid or liquid at constant pressure, or vice versa, it must be allowed for. For N mols of 
gas formed (disappearing) at Tx° the energy of the substance is decreased (increased) by 
0.002- N- Tx кеса! Н, + О = Н,О + 67.5 kg cal at 18?C at constant volume; 4$(2 H: + О. — 
2 Н.О — 135.0 4- 0.002 X 3 x 291 = 136.7) = 68.4 kg cal. 

The heat of solution is the heat, + or —, liberated by the solution of 1 mol of substance in so 
much water that the addition of more water will produce no additional heat effects. Aq signifies 
this amount of water; H:0, one mol; NH; + Aq = NH.OH-Aq + 8 kg cal. 


Part 1.—Hea*s of formation from elements in kilogram-calories 


At ordinary temperatures 





Heat of Heat of Heat of Heat of 
forma- forma- forma- forma- 
: Compound tion Compound tion Compound tion Compound tion 
АЂОа ..... 380. НОК. 21.4 КЕ. 1057 E301. 5-5 0m 334.2 
Ag;O зооар 6.5 О о. 100. ІНІ 2272: 93.8 (ХН.):5О. 5552055 283. 
БАО ы 126. МЧ Оз А35, МЕС. 151.0 Мазор 326.3 
Ваб: 142. INO acs 57.9 MOCE 2 112.3 Меза cT 301.6 
ВО С 138 Р:Ов5р5 370. AGI = 97.8 POSOL 2102 
CO am 20.0 О РЕР 7 50.3 МЕСІ азы = 250 ТЫСЫ ан ee 221,0 
СОЧ m 200 РО" =. 62.4 ЕВЕ. 76.3 ENDO’ о 229.6 
СО, ат 97.0 РО: 412. ІСІ E 74.5 CaCO; е 270 
CO: gr 048 Rb.O ..... 89.2 РС их Г 83.4 ЕТІС a a e 143 
CO: di 943 So rhsgg 70. РАСК ин 40.5 ЕНИ, ан ee a 179 
Сас туе 152 ЭО... 191.0 BEC er s 60.4 КОО a е 280 
Ce; m. 225 ПОЕ 66.9 ОСТ. 80.8 МЕСО ее Е 267 
СО g —16.5  SnO:cr 1375 Со: 128 Ма: СО cee 272 
СоО ат OS ESTO ж E: 135. Сс Е 185 А. 194 
CoO cr БИО О 326. СЕ. 300 AgNO е E 28.7 
Со: О, ПИЕ. 1934 TiOzam... 215.6 TICHET 48.6 Саб Оз)» не 209. 
Сто 140 ТО» сг . 2184 В. 105.9 Си(МО:).6 Н.О.. 92.9 
(О аи ТО 42.2 ВЕ ах 97-3 МО а А ин 41.6 
Сб. 422 3 МО... BI HBr glg 8.6 KUN O ous ке 119.2 
(Cu E О ЕО... 194. МБ ее 66 ИТО cn E 112: 
FeO ... 55 ds ГПО №. 85.2 осе a. — 6.2 О E 88.3 
Веб... 190.5 АС ..... 29.2 HF ggg 38 Ма МАЈ ш 111.0 
Ре ел. а. 2/08 АРС] 29.5 DID dere 22 О E 58.2 
H-0 ggl 684 АІСІ, ..... 161.4 CS. sgg —26.0 CH, soe а 20 
Н.О: ggl 468  AuCly КӨ» Сазив c 90.8 СН ре ОЕТ 25 
Eie s... 222 — AuChy 22.8 (МН,):5 66.2 СЕ зе ieee aE — 53 
ИОК. ГА Вас = 197 CS 22222 18.3 ЫСЫ агре 2 --30.5 
KOR.: 91 Веси 7 155 CuS eae 11.6 Wikis goo а EM 12.0 
La; о. 447 Dich T 90.6 HS gsg 273 Саон). и 230 
LIO 1416 ССІ, ат 21.0 Sa9- x ane 103.4 NELOH SS 88.8 
MgO... 1430 Саси 187 MoS le cee 79.4 Маон: 102 
МПО. АНА Са СБ а 932 Ма s 89.3 Na: H;O- Aq—H 44.* 
MnO, 123 Cio. 0) 5. 76.5 ВЕ 7 19.3 1(2 Ма:О-Н.О) 68.* 
Мос. 325. Сер 5 SIUS Cash ecc 262: l(Na,O:H;0O-Aq).. 30.* 
MoO: ..... 143. Enel - aa 34.1 СОЗО a. 111.5 КОБРА Sos 103.5 
МО. 174. Беса Е 82.1 Н,50, врте . 193. K:H;O:AÀq-H .... 45.* 
NiOggg .. —182  FeCh ..... 96.0 —50..Н.О*. 21.3 12К.О.Н.0) =... 69“ 
МО ЕРЕ . —21.6 HCI] ері 22. Но:5 О, SEs: (К.О -H:O * Aq) T 35:5" 
CL к, Пе”. А СОКЕ 165. 
Na;O, — 2.6 HgCl; 55:3 В... 344.3 


am = amorphous: di = diamond; cr = crystal; g = gas; gr = graphite; ] = liquid; rh = rhombic (sulfur); 
s = solid; y = yellow (gold). 
* Heats of formation not from elements but as indicated. 


(continued) 
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TABLE 180.—THERMOCHEMISTRY. CHEMICAL ENERGY DATA (concluded) 


Part 2.—Heats of formation of ions in kilogram-calories 


+ and — signs indicate signs of ions and the number of these signs the valency. For the ioni- 
zation of each gram-molecule of an element divide the numbers in the table by the valency, e. g., 
9.00 g AL— 9.00 g Alt 4- 40.3 kg cal. When a solution is of such dilution that further dilu- 
tion does not increase its conductivity, then the heats of formation of substances in such solutions 
may be found as follows: FeClhkAq = + 22.2 + 2 X 39.1 = 100.4 kg cal. CuSO,Aq— — 15.8 
+ 214.0 = 198.2 kg cal. 


Ag + — 25.3 NH.: + + 32.7 AsO, — — — +215.0 ІОз-- + 55.8 
А+ + + 4121.0 NH.O+ + 37.5 Вг — -- 28.2 10, — + 46.5 
Cot+ 41700 Nat Е во A: Os + 54.4 
Са + + + 133.» Ni+ + + 16.0 СО: — — +160.8 РО. — —— +298.0 
Са + + + 18.4 Ме + + --108.8 Ci — + 39.1 $2Оз — — +1386 
Cu + + — 16.0 Mn++ + 50.2 CIO — -- 26.0 5,0, — — --278.2 
Си + — 15.8? Pb + + + 40 CIO; — + 23.4 5,06 — — +260.8 
Fe 4- 4- -- 22.2 Rb + +625.0 CIO, — — 387 SO; — — +151.0 
Ее + ++ — 93 Sn++4 4 33 HCO; — +163.0 50, — — +214.0 
H 0.0 Sr 4- + --119.6 НРО, — +143.9 Se — — — 35.6 
Hg + — 19.8 Ti+ + 1.7 HPO; — — --229.6 SeO,— — +119.6 
К + + 61.8 Zn + + + 35.0 НРО, — — 4-304.8 5е0, — — 4144.8 
Li + + 62.8 HS — + 1.2 Te—— — 348 
NO; — + 48.9 TeO.—— + 98.4 

— + 13.1 5---- -- 12.6 


TABLE 181.—IGNITION TEMPERATURES OF GASEOUS MIXTURES 


Ignition temperature taken as temperature necessary for hot body immersed in gas to 
cause ignition; slow combination may take place at lower temperatures. Gases were 
mixed with air. Practically same temperatures as with Ox. 


ще 


Вепгепе апа аїг............... 1062° С Ес ћешапа ајг. <= <= а ee 1033* C 


foal gas and alb. 505. ELS 878 Ethylene and а. 2 1000 
WOcand ait. 22-22 3. 931 Hydrogen and airs... see: 747 





TABLE 182.—HEATS OF NEUTRALIZATION IN KILOGRAM-CALORIES 


The heat generated by the neutralization of an acid by a base is equal, for each gram-molecule 
of water formed, to 13.7 kg cal plus the heat produced by the amount of un-ionized salt formed, 
plus the sum of the heats produced in the completion of the ionizations of the acid and the base. 


Base HCl-aq НХОз-аа Н.5Оғаа НСХ 'ад СНАСООН ·ад Н» СОз'ад 
KOH 3g уе. 157 13.8 15.7 2.9 13.3 10.1 
Ма О ас ее 13.7 177 15.7 2.9 13.3 10.2 
МЕОН за... 7779 12.4 12.5 14.5 1.3 12.0 8. 

2 бАСОН 2:20 ..... 14.0 13,9 15.6 2.2 13.4 9,5 
КОН); ада ..... 9.9 9.9 ІШ 8.1 8.9 3:5 
ПЕШО аа 2... [О 7,5 9.2 — 6.2 -- 


TABLE 183.—HEATS OF DILUTION OF H,SO, 


In kilogram-calories by the dilution of 1 gram-molecule of sulfuric acid by m gram molecules 
of water. 


Ie eer 1 2 4 5 I9 49 99 199 399 1599 
kg cal ... 6.38 9.42 11.14 13.11 16.26 16.68 16.86 17.06 17.31 17.86 
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TRSNDISE S САР ЕЕ РНУСІСАЯФАУМЦМЕСНАТКТІСАЕ РКОРЕКТТЕ5 
БЕЛІМЕ КТАТ:5 


Introduction and definitions.—The mechanical properties of most ma- 
terials vary between wide limits ; the following figures are given as being repre- 
sentative rather than what may be expected from an individual sample. 
Figures denoting such properties are commonly given either as specification 
or experimental values. Unless otherwise shown, the values below are 
experimental. 

Credit for the information included on metals is due to the National Bureau 
of Standards ?? and the publications of the Aluminum Co. of America,?? the 
American Brass Co., and the Chase Brass & Copper Со.5 

Most of the data shown in these tables are as determined at ordinary room 
temperature, averaging 20°C (68°F). The properties of most metals and 
alloys vary considerably from the values shown when the tests are conducted 
at higher or lower temperatures. 

The following definitions govern the more commonly confused terms shown 
in the tables. In all cases the stress referred to in the definitions is equal to the 
total load at that stage of the test divided by the original cross-sectional area 
of the specimen (or the corresponding stress in the extreme fiber as computed 
from the flexure formula for transverse tests). 


Brinell hardness numeral (abbreviated B. h. n.).—Ratio of pressure on 
a sphere used to indent the material to be tested to the area of the spherical 
indention produced. The standard sphere used is a 10-mm-diameter hardened 
steel ball. The pressures used are 3000 kg for steel and 500 kg for softer 
metals, and the time of application of pressure is 30 seconds. Values shown in 
the tables are based on spherical areas computed in the main from measure- 
ments of the diameters of the spherical indentations, by the following formula : 


B. h. n.=P+rtD=P+2rD(D/2—V D?/4—d?/4). 


P=pressure in kg, t=depth of indentation, D=diameter of ball, and d= 
diameter of indentation—all lengths being expressed in mm. Brinell hardness 
values have a direct relation to tensile strength, and hardness determinations 
may be used to define tensile strengths by employing the proper conversion 
factor for the material under consideration. 


Elastic limit.—Stress which produces a permanent elongation (or short- 
ening) of 0.001 percent of the gage length, as shown by an instrument capable 
of this degree of precision (determined from set readings with extensometer 
or compressometer). In transverse tests the extreme fiber stress at an appre- 
ciable permanent deflection. 


Erichsen value.—Index of forming quality of sheet metal. The test is con- 
ducted by supporting the sheet on a circular ring and deforming it at the 
center of the ring by a spherical pointed tool. The depth of impression (or 
cup) in mm required to obtain fracture is the Erichsen value for the metal. 
Erichsen standard values for trade qualities of soft metal sheets are furnished 
by the manufacturer of the machine corresponding to various sheet thicknesses. 

Alloy steels are commonly used in the heat-treated condition, as strength 
increases are not commensurate with increases in production costs for annealed 
alloy steels. Corresponding strength values are accordingly shown for an- 
nealed alloy steels and for such steels after having been given certain rec- 
ommended heat treatments of the Society of Automotive Engineers. The heat 


5 Everhart, Lindlief, Kanegis, Weissler, and Siegel, Nat. Bur. Standards Circ. C-447, 
4 


5% Selected from Nat. Bur. Standards Circ. C-447, Mechanical properties of metals and 
alloys, and from Alcoa's circular, Aluminum and its alloys. 

9 Chase Brass & Copper Co.’s circular, Copper and commercially important copper 
alloys, 1948; American Brass Co., Copper and copper alloys, 1945. 
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treatments followed in obtaining the properties shown are outlined on the pages 
immediately following the tables on steel. It will be noted that considerable 
latitude is allowed in the indicated drawing temperatures and corresponding 
wide variations in physical properties may be obtained with each heat treat- 
ment. The properties vary also with the size of the specimens heat treated. 
The drawing temperature is shown with the letter denoting the heat treat- 
ment, wherever the information is available. 


Modulus of elasticity (Young's modulus).—Ratio of stress within the 
proportional limit to the corresponding strain—as determined with an exten- 
someter. NoTE.—All moduli shown are obtained from tensile tests of materials, 
unless otherwise stated. 


Modulus ot rupture.—Maximum stress in the extreme fiber of a beam 
tested to rupture, as computed by the empirical application of the flexure for- 
mula to stresses above the transverse proportional limit. 


Proportional limit (abbreviated P-limit).—Stress at which the deforma- 
tion (or deflection) ceases to be proportional to the load (determined with 
extensometer for tension, compressometer for compression, and deflectometer 
for transverse tests). 

Shore scleroscope hardness.—Height of rebound of diamond-pointed 
hammer falling by its own weight on the object. The hardness is measured on 
an empirical scale on which the average hardness of martensitic high carbon 
steel equals 100. On very soft metals a ^magnifier" hammer is used in place 
of the commonly used "universal" hammer and values may be converted to 
the corresponding “universal” value by multiplying the reading by 4/7. The 
scleroscope hardness, when accurately determined, is an index of the tensile 
elastic limit of the metal tested. 

Ultimate strength in tension or compression.— Maximum stress de- 
veloped in the material during test. 


Yield point.—Stress at which marked increase 1n deformation (or deflec- 
tion) of specimen occurs without increase in load (determined usually by 
drop of beam or with dividers for tension, compression, or transverse tests). 


TABLE 184.—INDUSTRIAL WOVEN-WIRE SCREENS * 


Industrial wire cloth may be specified in any malleable metal, the physical characteristics of 
which will permit of its being commercially drawn into wire and woven into cloth. This indus- 
trial wire screen is manufactured with openings from about 15 inches to a very fine wire cloth 
with openings of .0017 inch, using for larger screens rods 2 inches in diameter and for the 


smaller-opening cloth, wire .0014 inch in diameter. 


Industrial wire cloth specification, market grade 


Mesh Mesh 
per Wire Ореп- Percent per Wire Open- Percent 
lineal diameter ing open lineal diameter ing open 
inc inch inch area inch inch inch area 
к 5 080 920 84.6 30 x 30..... 013 0203 371 
2548222 063 437 764 227 011 0176 379 
34 054 ‚279 70.1 40 X 40..... 010 0150 360 
а... 047 203 65.9 50 Х 50..... 009 0110 30.3 
DI 041 159 632 60 % 60... .. 0075 .0092 305 
6520 же. 035 182 62.7 80 X 80..... 0055  .0070 314 
8 X 8...... (028 097 60.2 100% 100.... .0045 0055 30.3 
10 X 10..... (025 075 56.3 120 У 120.... 0037 0046: 307 
2 023 (060 518 150 % 150.... .0026 (00441 374 
T 020 051 51.0 180 Х 180.... .0023 0033 347 
16 3616. .... (018 0445 507 200 У 200.... 0021 .0029 33.6 
18 X 18..... 017 0386 48.3 250 Х 250.... 0016 .0024 360 
20 М0, .... 016 0340 462 270 Х 270.... 006: 001 322 
A 014 0277 442 325 X 325.... 0014 0017 300 


* Data furnished by the W. S. Tyler Co., Cleveland. 
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208 TABLE 189.—COPPER WIRE-—SPECIFICATION VALUES 


Copper wire: Hard-drawn (and hard-rolled flat copper of thicknesses corresponding 
to diameter of wire). Specification values. (A. S. T. M. В1-15, U. S. Navy Dept.) 
Specific gravity 8.89 at 20°C (68°F). 





Diameter Minimum tensile strength Minimum elongation, 
percent 1n 

mm in. kg/mm? Ib/in.? 254 mm (10 in.) 
11.68 ‚460 34.5 49,000 2,75 
10.41 410 35.9 51,000 3.25 

9.27 .365 372] 52,800 2.80 

8.25 325 38.3 54,500 2.40 

7.34 .289 39,4 56,100 2.17 

6.55 ‚258 40.5 57,600 1.98 

5.82 229 41.5 59,000 1.79 

in 1524 mm (60 in.) 

5.18 ‚204 42.2 60,100 1.24 

4.62 ‚182 43.0 61,200 1.18 

4.12 ‚162 43.7 62,100 1.14 

3.66 ‚144 44.3 63,000 1.09 

2:25 128 44.8 63,700 1.06 

2.90 114 45.2 64,300 1.02 

2.59 102 45.7 64,900 1.00 

2.31 .091 46.0 65,400 .97 

2.06 .081 46.2 65,700 .95 

1.83 .072 46.3 65,900 .92 

1.63 ‚064 46.5 66,200 90 

1.45 ‚057 46.7 66,400 .89 

1.30 .051 46.8 66,600 87 

1.14 .045 47.0 66,800 ‚86 

1.02 ‚040 47.1 67,000 ‚85 


Note.—P-limit of hard-drawn copper wire must average 55 percent of ultimate tensile strength for 
four largest-size wires in table, and 60 percent of tensile strength for smaller sizes. 


TABLE 190.—COPPER WIRE—MEDIUM HARD-DRAWN 
(A. S. T. M. B2-15) Minimum and maximum strengths. 


Tensile strength 


Diameter Minimum Maximum Elongation, 
уд що minimum percent 
mm in. kg/mm? Ib/in.2 kg/mm? lb/in.2 in 254 mm (10 in.) 
11.70 .460 29.5 42,000 34.5 49,000 3.75 
6:55 .258 33.0 47,000 38.0 54,000 2.50 
in 1524 mm (60 in.) 
4.12 .162 34.5 49,000 39.5 56,000 1.15 
2.59 ‚102 35.5 50,330 40.5 57,330 1.04 
1.02 .040 37.0 53,000 42.0 60,000 88 





Note.—Representative values only from table in specifications are shown above. P-limit of medium 
hard-drawn copper averages 50 percent of ultimate strength. 


TABLE 191.—COPPER WIRE—SOFT OR ANNEALED 
(A. S. T. M. B3-15) Minimum values. 


Minimum tensile 


Diameter strength Elongation in 254 
mm (10in.), 
mm in. kg/mm? Ib/in.? percent 
11.70 to 7.37 .460 to .290 255 36,000 35 
7.34 to 2.62 .289 to .103 26.0 37,000 30 
2.59 {о 53 .102 to .021 27.0 38,500 25 
к to .08 .020 to .003 28.0 40,000 20 


NorE.— Experimental results show tensile strength of concentric-lay copper cable to approximate 
90 percent of combined strengths of wires forming the cable. 
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TABLE 193.—STEEL WIRE-—SPECIFICATION VALUES 215 


S. A. E. carbon steel, No. 1050 or higher number specified (see carbon steels above). 
Steel used to be manufactured by acid open-hearth process, to be rolled, drawn, and then 
uniformly coated with pure tin to solder readily. 


Ameri- Req'd 
can or twists Weight 
B. and Diameter їп 203.2 —————^— ——À Req'd Spec. minimum tensile strength 
S. wire mmor kg/100  1]b/100 bends 
gage mm in. 8 1n. m ft thru 90? kg lb kg/mm? Ib/in.2 
6 4.115 2102 16 10.44 70 5 2040 4500 154 219,000 
7 3.665 144 19 8,28 5.56 6 1680 3700 161 229,000 
8 3.264 .129 2] 6.55 4.40 8 1360 3000 164 233,000 
9 2.906 .114 23 5:21 3.50 9 1135 2500 172 244,000 
10 2,588 ‚102 26 4,12 2:70 11 910 2000 172 244,000 
11 2305 091 30 ig s 220 14 735 1620 179 254,000 
12 2053 .081 33 2.60 1.74 17 590 1300 177 252,000 
13 1:828 .072 37 2.06 1.38 21 470 1040 1/9 255,000 
14 1.628 064 42 1.64 1.10 25 375 830 181 258,000 
15 1.450 .057 47 1.30 ‚87 29 300 660 182 259,000 
16 1.291 ‚051 53 1.03 69 34 245 540 186 264,000 
17 1.150 045 60 ‚81 55 42 195 425 188 267,000 
18 1.024 .040 67 .65 43 52 155 340 190 270,000 
19 912 036 ЛЕ Sl 434 70 125 280 193 275,000 
20 512 ‚032 85 41 27 85 100 275 197 280,000 
284,000 


21 729 028 96 172 22 105 80 175 200 


Note.— Number of 90? bends specified above to be obtained by bending sample about 4.76 mm (.188 in.) 
radius, alternately, in opposite directions. 


TABLE 194.—STEEL WIRE—EXPERIMENTAL VALUES 


Data from tests at General Electric Co. laboratories. Commercial steel music wire 





(hardened). 
Ultimate strength Ultimate strength 
Diameter tension Diameter tension 

: kg/mm? lb/in.2 m= kg/mm? Ib/in.2 
mm їп. mm In. —_ ----:- 
12.95 051 226.0 321,500 6:35 1025 262.0 372,500 
11.70 .046 249.0 354,000 4.55 .018 265.5 378,000 
9.15 .036 253.0 360,000 255: 010 386.5 550,000 
7.60 030 260.0 370,000 1.65* ‚0065 527.0 750,000 
4.551 018 49.2 70,000 


* For 4.55 mm wire drawn cold to indicated sizes. f For 4.55 mm (.018 in.) wire annealed in 


H, at 850*C. 


TABLE 195.—PLOW-STEEL HOISTING ROPE (BRIGHT) 


Wire rope to be of best plow-steel grade, and to be composed of 6 strands, 19 wires to 
the strand, with hemp center. Wires entering into construction of rope to have an elonga- 
tion in 203.2 mm or 8 in. of about 21 percent. 


Diameter Spec. minimum strength Diameter Spec. minimum strength 
m 
mm in. kg ]b mm in. kg Ib 
9.5 i 5,215 11,500 38.1 14 74,390 164,000 
127 i 9,070 20,000 50.8 2 127,000 280,000 
19.0 3 20,860 46,000 63.5 25 207,740 458,000 
25.4 1 34,470 76,000 69.9 23 249,350 550,000 
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TABLE 196.—STEEL-WIRE ROPE-——SPECIFICATION VALUES 


Cast steel wire to be of hard crucible steel with minimum tensile strength of 155 
kg/mm? or 220,000 Ib/in.? and minimum elongation of 2 percent in 254 mm (10 in.). 


Plow steel wire to be of hard crucible steel with minimum tensile strength of 183 
kg/mm? or 260,000 1b/in. and minimum elongation of 2 percent in 254 mm (10 in.). 


Annealed steel wire to be of crucible cast steel, annealed, with minimum tensile strength 

of 77 kg/mm? or 110,000 Ib/in.? and minimum elongation of 7 percent in 254 mm (10 in.). 

Type A:6 strands with hemp core and 19 wires to a strand (— 6 X 19), or 6 strands 
with hemp core and 18 wires to a strand with jute, cotton, or hemp center. 


Type B: 6 strands with hemp core, and 12 wires to a strand with hemp center. 


Tvpe C: 6 strands with hemp core, and 14 wires to a strand with hemp or jute center. 
Type AA : 6 strands with hemp core, and 37 wires to a strand (— 6 X 37) or 6 strands 
with hemp core and 36 wires to a strand with jute, cotton, or hemp center. 


Diameter 

Description mm i 
Саса 56е, Туре А........... 9.5 
К E E v ва Ea 

i 5 d E РОТ 25.4 1 

i У = ма Т. 38.1 1 
Galv. cast steel, Type AA......... ae 

d i p EE ond 25.4 1 

4 P и i WEN. Led 38.1 1 
Galv саз! ее Ізде Босе... не 9,5 
и б С ТТІ. 12:7 

А ч Пра ај 25.4 1 

К » b Иа 38.1 1 

Са лел Се Уре С... 25.4 1 

~ о < ИИИ зз 41.3 1 
Galv. plow гес, Туре А........... 9.5 
bi Б ч А PORTET 127 

5 ч Ж ТЕЕ 25.4 1 

» 2 i MR о ee 36.5 1 
Galv. plow steel, Type AA......... Ds 

Е » Е “ WE o cn 25.4 1 

i S H E e 41.3 1 


TABLE 197,.—STEEL-WIRE ROPE—EXPERIMENTAL VALUES 


Tal 00/60 bul Neow 2 


кое ойы 30 јел м tol ooa Ni 


o 


tap oka +4 


бол 


Approx. weight 


kg/m 


o 
55 
225 
5.06 
299 
.58 
220 
5.28 
25 
42 
1.68 
3.94 
1559 
4.35 
El 
499 
229 
4.66 
203 
.58 
2135 
6.18 


lb/ft 
21 
57 
1.50 
3.40 
28 
220 
1.50 
9.25 
JUI 
28 
ІРІ 5 
2.05 
1.07 
2.02 
21 
37 
1.50 
S5 
572 
39 
1.58 
4.15 


Minimum strength 


kg 
3,965 
6,910 
27,650 
63,485 
3,840 
7,410 
27,650 
59,735 
2,995 
5.210 
20,890 
47,965 
18,825 
51,575 
4,690 
8,165 
22 675 
69,140 
4,540 
8,750 
32,250 
83,010 


lb 

8,740 
15,230 
60,960 
139,960 
8,460 
16,330 
60,960 
131,690 
6,600 
11,500 


Wire rope purchased under Panama Canal Spec. 302 and tested by National Bureau 


of Standards, Washington, D. C. 


Description and analysis Diameter 


mm in. 


Plow steel, 6 strands X 19 wires 
C .90, S .034, Р .024, Mn 
ЕО Сы 50.8 5 

Plow steel, 6 strands Х 25 wires 
C77 S 036, P 027, Mn 
Лс Ж ЖИ | МЕККЕНИ А ИИ 

Plow steel, 6 X 37 plus 6 x 19 
С .58, 5 032, P .033, Mn 
ЕЗІ LOO eror. 

Monitor plow steel, 6 X 61 plus 
219 C 52 5 025. Р 019, 
ао 77 





69.9 21 


82.6 Di 


Ultimate strength 


kg 


137,900 


314,800 


392,800 


425,000 


Ib 


304,000 


694,000 


866,000 


937,000 


Ultimate strength 


(net area) 
kg/mm? Ib/in.? 
295 184,200 
15122 214,900 
1322 187,900 
142.5 202,400 


Recommended allowable load for wire rope running over sheave is one-fifth of specified minimum 


strength. 
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TABLE 200.—MECHANICAL PROPERTIES OF TUNGSTEN AND ZINC 2225 


a 





Metal or 
alloy 
approx. 
comp. 
percent 


Tungsten, 


1 902% 


Zinc,t 
Zn: 


Condition 


Ingot sintered, 

[) “577 гт ог Л 
in. 

Swaged rod, 

== тип ог 03 
in. 

Drawn hard, 

О 029 mm or 
.00114 1n. 

Swaged and drawn 
hot 97.5% reduc- 
tion 

Same as above and 
equiaxed at 2000° 
С in H: İt 


• . • ө , « э ө өе ө ө э 


« 02829928 eee 


...... 


* э э • э « ө ө « « « • 


Cast 
Coarse crystalline. 
Fine crystalline ... 
Rolled (with grain 
or direction of 
rolling) 
Rolled (acrossgrain 
or direction of 
rolling) 
Drawn hard 


Density 

or weight 
gm Ib 
per per 
cm? #18 
18.0 1124 

70 437 

71 443 


Tension, Tension, 
kg/mm? Ib/in.2 
p 
vE Qd 
> зы ә зы 
Е ЕЁ Е £8 
5 5% т 5# 
— 127 — 18,000 
— 151.0 — 215,000 
— 415.0 — 590,000 
— 164.0 — 233,500 
— 118.0 — 168,000 
(Impurities Pb, Fe, and Cd) 
== 2.810 — 4,000 to 
— 8.4 — 12,000 
20 190 2,900 27,000 
41 253 5,800 36,000 
— 7.0 — 10,000 


Percent 
SES ug 
Boe ae 
qo © о 
0.0 0.0 
4.0 28.0 
-- 65.0 
32 14.0 
0.0 0.0 


— — 


Hardness 


Brinell @ 
500 kg 

Sclero- 
scope 


420 8to 
48 10 


~ о 


* Commercial composition for some incandeseent electric lamp filaments containing thoria (ThOs) approx. 0.75 


percent. 


t Ordinary annealing treatment makes W hrittle, and severe working, 


below recrystallization or equtaxing 


temperature, produces ductility. W rods which have been worked and recrystallized are stronger than sintered 


rods. 


The equiaxing temperature of worked tungsten, with a 
rod with 24 е reduction, to 1350°C for a fine wire with 100 percent reduction. 
mm or 0.025 i 


P CONI essi on cylinder 25.4 mm (1 in.) hy 65.1 mm (2.6 in.), at 20 percent deformation: 
For spelter (cast zinc) free from Cd, av. 17.2 kg/mm? or 24,500 1lb/in.? 
For spelter with Cd 0.26, av. 27.4 kg/mm? or 39,000 !b/in.? 

Modulus of rupture averages twice the corresponding tensile strength. 


Shearing strength: 
Modulus of elasticity: 
Modulus of elasticity: 


Anatomical alloy 
Wood's alloy 
Quaternary eutectic alloy.. 
Fusible alloy 
Eutectic alloy (Bi-Cd-Pb).. 
Alloy for fine castings 
Rose's alloy 
Bismuth solder 


rolled, averages 13.6 kg/mm? or 194,000 Ib/in.* 2 
cast, 7,750 kg/mm? or 11,025, 000 Ib/in.? 
rolled, 8450 kg/mm? or 12,000,000 lb/in.? 


TABLE 201.—LOW-MELTING ALLOYS * 


Name 


Eutectic alloy (Bi-Sn) 
Eutectic alloy (Bi-Cd) 


Eutectic alloy( Bi-Pb-Sn) .. 


Eutectic alloy(Cd-Sn) 
Eutectic alloy(Pb-Sn) 


* See also Table 123. 


SMITHSONIAN PHYSICAL TABLES 


* е % ө ә ә э э э э ө ө 


° » 9 9 e 9 9 9 э e 9 e о 


€ e е 9 € е ө э ө ө 9? ө э е 


о... ө э ө % а 


Composition, percent 


Di Cd Pb 
33.9 — 17 
50 12.5 25 
49.5 10.10 2727 
38.4 15.4 30.8 
51.6 8.1 40.2 
50 - 122 
50 — 28 
40 — 40 
57 Е -- 
60 40 ЕЕ 
13.7 - 44.8 

2 32 РЕР 
-- — 38 


Other 
Hg 10.5 


Sn 


19 
1215 
13.13 
15.4 


— 


-min exposure, varies from 2200°С for a work 
Tungsten wire, D — 0.635 


Melting point 


SE 
140 
154.4 
158 
159.8 
196.7 
212 
212 
235.4 
280.4 
291.2 
320 
350.6 
361.4 
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rABLE 202.—MECHANICAL PROPERTIES OF WHITE METAL BEARING ALLOYS 


(BABBITT METAL) 


Experimental permanent deformation values from compression tests on cylinders 31.8 mm 
(1i in.) diam. by 63.5 mm (23 in.) long, tested at 21°C (70°F). 


loads.) 
Formula, 
percent 
Alloy 
No. Sn Sb Cu РЬ 
] 910 4545 — 
2% 800 7535 - 
DES 755 99 -- 
19575. 08 12:03:05 10:0 
5< 65.0 150 20 180 
6 200) 150715 63.5 
7 10.0 15.0 — 750 
8 5.0 15.0 — 800 
9 50 100 — 85.0 
10 2.0 15.0 — 830 
11 — 15.0 — 85.0 
17 -- 100 -- 90.0 


Pouring 
tem p. 


“С 


440 
432 
491 
360 
350 


337 
329 
329 
319 
929 
325 
334 


Е 


824 
808 
916 
680 
66] 


634 


Permanent deformation @ 21°C 


@ 4536 kg 
— 10,000 Ib 


Weight (% 454 kg 
m = 100015 
Ш 
cm?  ft3 mm in. 
Tin Base 
7.34 458 .000 .0000 
7.39 461 .000 .0000 
7.46 465 .025 .0010 
7.52 469 013 .0005 
7.75 484 .025 .0010 
Lead Base 
9.33 582 .038 .0015 
9.73 607 .025 .0010 
10.04 627 .051 .0020 
10.24 640 .102 .0040 
10.07 629 .025 .0010 
10.28 642 .025 .0010 
10.67 666 .064 .0025 


@ 2268 Кр 


mm 


.025 
.038 
114 
064 
.076 


127 
127 
229 
305 
.254 
‚254 
432 


= 5000 Ib 
oF 


їп. 


0010 
0015 
0045 
‚0025 
‚0030 


0050 
‚0050 
‚0090 
0120 
0100 
0100 
‚0170 


mm 


.380 
.305 
.180 
‚230 
.230 


457 

‚583 
1.575 
2.130 
3.910 
3.020 
7.240 


in. 


.0150 
.0120 
.0070 
.0090 
.0090 


.0180 
.0230 


.0620 
.0840 


.1540 
.1190 
.2850 


(Set readings after removing 





Hardness 


24.3 
24.] 
20.9 
195 
17.0 
17.0 
14.3 


SN OS o> = 
АМО Мр су бо 


* U. S. Navy Spec. 46M2b (Cu 3 to 4.5, Sn 88 to 89.5, Sb 7.0 to 8.0) covers manufacture of antifriction- 
metal castings. (Composition W.) 


TABLE 203.—RIGIDITY MODULUS FOR A NUMBER OF MATERIALS 


If to the four consecutive faces of a cube a tangential stress ts applied, opposite in direction on 
adjacent sides, the modulus of rigidity is obtained by dividing the numerical value of the tangential 
stress per unit area (kg/mm^) by the number representing the change of angles on the nonstressed 


faces, measured in radians. 


Rigidity 

Substance modulus 
Ае 3350 
+ са ы 2580 
Ва... e 3550 


воо о c9 ө ө ө ө ө ө ө ө ө ө ө 9 € * 


37 
* cast, 60 Cu--12 Sn.. 37 
Bismuth, slowly cooled.... 12 


Bronze, cast, 88 Cu4-12 Sn. 4060 
Cadmium, cast Ии. 2450 
Copper, cast ... eee 4780 
p NEN WOES e 4213 

V en rU MI 4450 

IE wm. EST 4664 
о s 2850 
ІТ Ча ad 3950 
Trone cast ИИ 5210 
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Iron, cast 
éé 


Nickel 


Substance 


.жжееея«ееееееегее 


.4%44...ш.. 
* «о» ө = «е ө ө Фо ө ө 
* 9 9 9 э * ө ө ө ө n 
* &à ө ө ө ө ө эө э * э 


* э т ө ө @ э ө ere 


Phosphor bronze ....... 
Quartz fiber 


$ e * ө ө ө ө ө ө ө ө ө ө ө ө ө € 


+ ге о 


eee 


Rigidity 
modulus 


Rigidity 

Substance modulus 
Steel базе Loek a ee 2” 7458 
"U^ feast, coalse gt P 8070 
“© silvers Go, so ee 7872 
Tin, cast 02901 70 1730 
р о ин eee 1543 
ПЕ я 3880 
ИЕ TE 3820 
Platinum г 6630 
аи 6220 
Glass: е 2350 
есе. Зе 2730 
Clay rock а eee 1770 
Стала е сЕ 1280 
Marble. С 1190 
Slate „лл УИ 2290 


; o 
TABLE 204.—VARIATION OF THE RIGIDITY MODULUS WITH THE TEMPERATURE 


ni — n, (1 — at — 8€ — y0), where t — temperature Centigrade 


Substance no а108 8108 71010 Substance no а106 В108 "У1019 
Brass 2-22 2652 2158 48 32 оп S. 8108 206 19 — 11 
2g (.. И 3200 455 36 — > Же 6940 483 12 = 
Copper -a o 3972 2716 —23 47 Platiuum ... 6632 111 50 — 8 
Ж 5 3900 572 28 — Silver .. 2E.. 2566 387 38 11 
Steel". . RS 8290 187 50 — 9 

пе = ths [1 — a(t — 15)] 

Соррег.. 137“ а—= 00039 Platinum .. 6.46* a=.00012 Hn s. 1.50* а--.00416 
Copper (com- Gold ...... 2.45 .00031 І ‚80 00164 
mercial) . 3.80 .00038 Siver M Df .00048 Cadmium .. 2.31 .0058 
Iron ҮШ 8.26 .00029 Aluminum . 2.55 .00148 Quartz .... 3.00 .00012 

Steel 2. 8.45 00026 


* Modulus of rigidity in 10!! dynes per cm?. 





TABLE 205.—INTERIOR FRICTION AT LOW TEMPERATURES 


C is the damping coefficient for infinitely small oscillations; T, the period of oscillation in 
seconds ; N, the modulus of rigidity dynes/cm"*, 


Ба ое О. |a Си Ni Au Pd Pt Ag Quartz 
Еспе о млге їп сїп.......... 225 222 22.3 222 23.0 1722 17.3 
ТЕТЕ п пип.............. 643 411 ‚609 55) .812 ‚601 ‚612 
100°C MEE i oo 24.1 1.34 27:5 1.67 2.98 55.8 — 
ШЫН» coco е 2.381 3.831 3.010 2570 1.143 1.808 — 
TUR IU а ан 3532 7.54 2:55 5.08 5.77 271 — 
0°C с МЕ 5.88 417 4.82 1225 4.60 7.19 4.69 
T а. 2.336 3.754 2.969 257/1 1.133 1.759 1.408 
NE PO E ee e eni 3.45 7.85 2.62 3:12 — 28] 2.26 
—195°С С 3.64 .556 6.36 744 3.02 1.64 1.02 
МЕ d 2.274 00577 2.902 2:352 1.111 1.694 1.425 
РО eei. ous 3.64 8.65 2.74 5.19 6.10 3.18 2.20 


TABLE 206.—RATIO, p, OF TRANSVERSE CONTRACTION TO LONGITUDINAL 
EXTENSION UNDER TENSILE STRESS 


(Poisson’s Ratio) 


Metal Pb Ли Ра Pt Ag Cu Al Bi Sn Ni Cd Fe 
p AS 42 .39 .39 .38 554 .34 .33 B3 221 .30 .28 


pfor: marbles, .27; granites, .24; basic-intrusives, .26; glass, .23. 


TABLE 207.—A SCALE OF HARONESS BASED UPON THE RELATIVE HARONESS 
OF SELECTED MATERIALS 


Each material will scratch the one following it in the table. 





10 Diamond 8 Topaz 6 Feldspar 4 Fluorite 2 Rock salt 
or gypsum 
9 Corundum 7 Quartz 5 Apatite 3 Calcite I Talc 
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Pate e s eie 25 
Alabaster 2222127 
АТМ 2-2.5 
Aluminum ...2.9 
Amber ..... 2-2.5 
Andalusite TES 
Anthracite ...2.2 
:mntimonyge-..3.3 
Apatite 22... 5: 
Aragonite ....3.5 
Arsenic ...... 2:3 
Asbestos ..... 5. 
Asphalt ....1-2. 
Augite е 6. 


Вагие 


I 3.3 


Bell-metal 


Beryl 


Brass 


CA 7.8 
Bismuth i 
Boric acid ....3 


ооа о о 


Calamine 


Calcite 
Copper 


e * * ө ө ө o Us 


Corundum 
Diamond 
Dolomite . 


Feldspar ...... 6. 
е 7% 


Flint 


Fluorite ...... 4. 
Galena О. 2.5 
Garnet ы... 75 
Glass ....4.5-6.5 
Gold! 2205. 2,5-3. 
Graphite ....5-1. 
Gypsum ..1.6-2. 
Hematite is... 6. 
Hornblende ...5.5 
Iridium ...... 6.5 
Iridosmium 7. 
ая... 4—5, 
аали... 15 
Loess (0?) .....3 
Magnetite ....6. 


TABLE 208.—RELATIVE HARDNESS 


Marble ....3-4. 
Meerschaum 2-3. 


PM 2.8 
« 4-6. 


р 
Orthoclase ....6. 
Palladium 
Phosphor- 
bronze 
Platin- 
-~ iridium 
Platinum ..... 4.3 


m .48 
ОО. 4. 


= rie 6.3 


Оча! О... 7. 
Rock-salt 


а. 


Ross’ metal.2.5-3.0 
Serpentine .3-4. 
Silver ....2.5-3 
Silver 

chloride ....1.3 
Steel ...... 5-8.5 
Stibnite .. eee 2. 
Sulfur 1.5-2.5 
Таіса 1. 
Ти... 1.5 
Topaz 222200 
Tourmaline ...7.3 
Wax (Q^ c 2 


Wood's metal..3. 


TABLE 209.—RELATIVE HARDNESS OF THE ELEMENTS (MEANS) 


Сит 10. 
D m. 9.5 
Сг 
Ша 


A — —À — A ———— — 


oe ees 
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Te 4.5 ЕНГ 
dde 4.3 Ag as 
eee 4.0 VATES 
NO 4 Au 
cR 3.5 Сее 
|. 3 Б К 
3. Te eras 
Mm 3.0 ОЗТ 


Ме ‚2.0 
Sein. M 2.0 
Са” 2.0 
Sree 1.8 
Swiss 1.8 
Byte. 1.9 
ба. 1.5 
Hg -L5 


In je 1:2 
JT 1-2 
Lie 6 
K Mcr 5 
Ма 4 
Rb 3 
(o 2 
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05$ Ott 
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Orr ОТЕ 
005 06€ 
06? 065 
082 06 
08$ ОРР 
095 OFC 
06$ 092 
09$ 092 
«Гер 82 54ғр/ 
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OOF 


0cc 
09c 
092 


05$ 
Oct 
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081 
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TABLE 212.—EFFECT OF QUANTITY OF MIXING WATER ON STRENGTH 
OF CONCRETE <® 


-— 


W/C ratio, U. S. gal. per sack 


of cement (943 ).......... 5:0 55 6.0 6.5 7.0 7.9 
Compressive strength at 28 
days—lb/in? .............. 5000.0 4500.0 4100.0 3600.0 3300.0 2900.0 


9 Portland Cement Association, Design and control of concrete mixtures, 9th ed., p. 7. 


TABLE 213.—COMPARISON OF STRENGTH AND ELASTIC PROPERTIES 
OF CONCRETE“ | 


Modulus of elasticity psi X 10° 


Compressive Modulus of Compressive Flexural Dynamic 

strength psi * rupture psi (secant) (secant) (sonic) 
2000 400 2.9 39 4.5 
4000 600 4. 5. 5.5 
6000 750 3:9 6. 6.5 
8000 850 6.5 6.5 2) 


_— 


Values given are approximations only since the ratios between the different properties 
depend on age, aggregates, cement, and other factors. 


61 Stanton, T. E., Amer. Soc. Test. Mat. Bull. No. 131, p. 17, 1944; Witte and Price, ibid., p. 20; 
Schuman and Tucker, Nat. Bur. Standards Journ. Res., vol. 31, p. 107, 1943; Gonnerman and 
Shuman, Proc. Amer. Soc. Test. Mat., vol. 28, p. 527, 1928. 

* As determined on specimens with length to diameter ratio of 2. 


TABLE 214.—EFFECT OF ENTRAINED AIR ON COMPRESSIVE STRENGTH 
OF CONCRETE* 


Percent change in strength due to 5 percent 


added air * 
Cement 
Sacks per yd? 7-day 28-4ау 
4.5 E ud 
55 --12 —16 
6.5 —17 —20 


e? Walker and Bloem, Journ. Amer. Concrete Inst., vol. 42, p. 629, 1946. 
* Strengths given are for mixes in which full advantage was taken of the sand and water-content 
reductions made possible by the increased workability resulting from entrained air. 


TABLE 215.—WEIGHTED AVERAGE STRENGTH AND WATER ABSORPTION 
FOR HARD AND SALMON BRICKS MADE IN U. S. A” 


Water absorption 


Compressive strength Modulus of rupture percent 
si 98 
2 О Shr 48hr 5 hr 
Average Range Average Range cold cold boiling 
Weighted average 
all samples ..... 7250 1150 10 1] 14 
Hard samples .... 7430 (16,000-4000) 1180 (2350-740) 10 11 135 


Samir... esos 4090 ( 6500-2300) 680 (1440-300) 16 17 19 


68 McBurney and Lovewell, Proc. Amer. Soc. Test. Mat., vol. 33, p. 1, 1933. 
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TABLE 216.—ULTIMATE STRENGTHS OF BRICK MASONRY* 23] 


Cement 

Brick mortar 

strength 1C:1/4- 

Ib/in.? 12:35" 
80004- 2000 


4500-8000 1000 


Lime Brick 
mortar strength 
12:25 ]b/in.2 

800 2500-4500 
400 1500-2500 


& Nat. Bur. Standards Res. Pap. RP 108. 


* C—portland cement; L—Lime; S—-sand, proportions by volume. 


ciations Building Code Requirements for Masonry (A41.1-1944). 


Cement Cement- 

mortar lime Lime 
1C:1/4- mortar mortar 
L:3S* 1C:1L;6S 11.:35 


700 560 275 
500 400 150 


See American Standard Asso- 


TABLE 217.—STRENGTH AND STIFFNESS OF AMERICAN BUILDING STONE* 


(All values in pounds per square inch.) 


Flexural Compressive 
Compressive Flexure modulus of modulus of 
Density strength (dry) strength Shear elasticity elasticity 
Stone ]b/ft3 psi psi psi psi psi 
Granite ... 165 24500 (7700-53,000)¢ 2810 (1430-5190) 4350 (3900-4600) 2,526,000- 4,545,000-8,333,000 
(116 samples) (5 samples) (4 samples) 12,950,000 
Limestone .. 148 2600-28,400 640-20001 830-38401 700,000- 1,600,000-11,200,000t 
470-19008 800-31008 10,400,000{ 
Marble .... 170 7850-29,530 900-4270 1,840,000- 
11,780,000 
Sandstone . 135 4470-34,900-- 260-6570 + 
Е 170 500-14,100 9,800,000- 
18,000,000 


* Furnished by Herbert Insley, 
§ Parallel to bed. 


t Perpendicular to bed. 
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National Bureau of Standards. 


t Wet samples 12 percent less. 


! 
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TABLES 218-223.CPHYSICAL PROPERTIES OF LEATHER * 


Most physical properties of leathers not only depend on the kind of skin 
and method of tannage but also vary widely from one hide to another of the 
same kind, from one location to another within the same hide, and in local 
random fashion. For example, the tensile strength of vegetable-tanned cattle 
hides shows coefficients of variation of 6 percent among bends ( from different 
hides), 9 percent among locations (within a hide), and 11 percent for local 
random fluctuations. The Federal Specifications Board in the United 
States requires that at least 7 pieces of leather be sampled for most physical 
tests."^ In any use of a physical property of leather, such as designing an 
experiment or acceptance testing for commercial purchase, these variations 
and the consequent statistical precautions must be observed. The figures below, 
then, are illustrative, not precise values for any given type of leather. 


* Prepared by R. Hobbs, National Bureau of Standards. 

65 Beek, J., and Hobbs, R. B., Journ. Amer. Leather Chem. Assoc., vol. 36, p. 190, 1941. 

66 Federal specification for leather and leather products, Kx-L-311. Government Printing 
Office, Washington, D. C., March 1945. 


TABLE 218.—TENSILE STRENGTH AND ELONGATION OF LEATHER" 


Elongation, percent 


Tensile 
Thickness strength at at 

Kind of leather 164 in. 1b/in.? 1000 1b/in.? break 
Belting, vegetable-tanned steer....... 11 6000 6 25 
Calfskin, chrome-tanned ............. 3 4500 8 36 
Calfskin, vegetable-tanned ........... 3 6000 5 29 
Cordovan, horsehide butt... es 3 2000 22 28 
Deerskin, chrome-tanned ............ 5 6500 26 58 
Garment, chrome-tanned horse....... 4 6000 14 60 
Kangaroo, chrome-tanned ........... 2 7000 15 40 
Kid chrome- tanned -oea E s 2 5000 19 59 
Sheepskin, shearling али се 3 1500 25 38 
Shoe upper, chrome retan............ 6 4500 15 40 
Sole, vegetable-tanned steerhide....... 13 3500 4 15 


67 Wilson, J. A., Modern practice in leather manufacture, Reinhold Publishing Co., New York, 1941. 


TABLE 219.—DIFFUSION CONSTANTS OF WATER VAPOR THROUGH 
LEATHER, AS FRACTIONS OF THE DIFFUSION CONSTANT 
THROUGH AIR (209C) * 


Heavy Glove Patent Vegetable-tanned 
chrome upper Box calf capeskin leather insole 


.1-.2 .21-.26 .17-.26 .004 .09 





0€ Progress in leather science, 1920-1945, British Leather Manufacturers’ Res. Assoc., London, 1948. 
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TABLE 220.—REAL AND APPARENT DENSITIES OF LEATHER (70°F AND 
65 PERCENT, RELATIVE HUMIDITY) % 


Kind of leather Apparent density Real density 
ВО о... аа, .41- .45 1.43 
Formaldehyde tanned buckskin .................. 56 1.52 
Chromestanned Shoe иррег....................... .88 ].34 
Vecetabletanned sole .......................... 1.03-1.15 1.46-1.49 
Chrome tanned ЗО ао. 1.17 1.46 
lzgtmaldehyde-tannedgsuedem. . ... m. om oem .50- .58 1.55-1.62 
Vee table-tanned год и r+ su erre mmn .65 1:52 


9 Kanagy, J. R., and Wallace, E. L., Journ. Amer. Leather Chem. Assoc., vol. 38, p. 314, 1943; 
Rose, H., ibid., p. 107. 


TABLE 221.—COEFFICIENT OF CUBICAL EXPANSION OF LEATHER 


(Measured in water between 25? and 75°C) ” 


Chrome Chrome-vegetable Vegetable Alum-vegetable 


496-565 х 107 339-298 « 10° 502-543 X 10° 590-599 х 10^? 
[ron Formaldehyde Tendon collagen 


Sap): * 392 X 107 538 & 10° 


Compressibility." — The lower limit of the coefficient of compressibility of vegetable- 
tanned sole leather has been estimated at 33 10^? bar *. Commercial sole leathers sub- 
jected to 3000 Ib/in? pressure for 3 minutes were compressed from 4 to 17 percent. 


70 Weir, C. E., Journ. Amer. Leather Chem. Assoc., vol. 44, p. 79, 1949. 
n Weir, C. E., Journ. Лтег. Leather Chem. Assoc., vol. 40, p. 404, 1945. 


TABLE 222.—EFFECT OF RELATIVE HUMIDITY OF ATMOSPHERE AT 
21°C ON PROPERTIES OF LEATHER ” 


Percent Tensile Stretch at Increase Increase 
relative strength 2000 Ib/in.2 in thickness in area 
humidity 15/in.? percent percent percent 
Vegetable-tanned calískin 
0 4630 16 .0 .0 
33 5210 19 23 5:2 
52 5220 19 2.9 57 
76 5280 21 4.6 6.4 
97 = 21 9.6 7.3 
Chrome-tanned calískin 
0 3170 19 0 0 
33 4550 25 1.6 7.8 
92 4840 23 ].9 8.9 
76 5080 24 4.2 10.2 
97 5420 25 14.0 14.0 


72 Evans, W. D., and Critchfield, C. L., Nat. Bur. Standards Journ. Res., vol. 11, p. 147, 1933. 


TABLE 223.—THERMAL CONDUCTIVITY OF LEATHER * 


са ето sec. Se 


Vegetahle sole leather Calfskin upper Kid suede Hide bellies 
220107 205 107 15X 10; 23 X 10- 


* For reference, see footnote 68, p. 232. 
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TABLES 224-229.—VALUES OF PHYSICAL CONSTANTS OF 
DIFFERENT RUBBERS * 


Where a range is given, there are available several observations that differ. 
In most cases the differences are thought to be real, arising from differences in 
the rubber rather than from errors of observation. Where a single value 15 
given, it is either because no other observations are available or because there 
seems to be no significant disagreement among values within the errors of 
observation. The latter values are marked with an asterisk (*). Where no 
values are given, no data have been found. Where dashes are shown, either 
the physical measurement is impossible or the values obtained are not sig- 
nificant. Values at 25°C and 1 atmosphere pressure. 

Since these data were compiled from a number of sources, no specific 
references are given. A list of references follows: 


BALL, J. M., and Maasen, G. C., American Society for Testing Materials Symposium 
on the Applications of Synthetic Rubbers, March 2, 1944. BEKKEDAHL, NORMAN, 
Natural rubbers—a general summary of their composition, properties, and uses, India Rub- 
ber World, vol. 116, p. 57, 1947 ; also in Compounding ingredients for rubber, published by 
[India Rubber World, New York, 1947. BEKKEDAHL, N., and Rotu, F. L., Unpublished 
observations of density and expansivity, 1948. Boonstra, B. B. S. T., Properties of 
elastomers, chap. 4 of vol. 3 of Elastomers and plastomers, their chemistry, physics, and 
technology, edited by R. Houwink, Elsevier Publishing Co., New York, 1948. DAWSON, 
T. R., and Porritt, B. D., Rubber physical and chemical properties, Research Association 
of British Rubber Manufacturers, Croydon, England, 1935. Ditton, J. H., PRETTYMAN, 
I. B., and Hatt, 6. L., Hysteretic and elastic properties of rubberlike materials under dy- 
namic shear stresses, Journ. Appl. Phys., vol. 15, p. 309, 1944; Rubber Chem. Techn., vol. 
17, p. 597, 1944. HaMiLL, W. H., MRowca, B. A., and ANTHONY, R. L., Specific heats of 
hevea, GR-S, and GR-I stocks, Ind. Eng. Chem. vol. 38, p. 106, 1946; Rubber Chem. 
Techn., vol. 19, p. 622, 1946. Kemp, A. R., and MarM, Е. 5., Hard rubber (ebonite), 
chap. 18 in Chemistry and technology of rubber, edited by C. C. Davis and J. T. Blake, 
Reinhold Publishing Corporation, New York, 1937. PRETTYMAN, I. B., Physical prop- 
erties of natural and synthetic rubber stocks, Handbook of Chemistry and Physics, 30th ed., 
p. 1301, Chemical Rubber Publishing Co., Cleveland, Ohio, 1947. Rawps, RonERT D., 
JR, FERGUsoN, W. JULIAN, and PRATHER, JouN L., Specific heat and increases of entropy 
and enthalpy of the synthetic rubber GR-S from 0? to 330? K, Nat. Bur. Standards Journ. 
Res., vol. 33, p. 63, 1944 (RP1595). . SELKER, ALAN H,, Scorr, ÁnNoLp H., and McPHER- 
SON, ARCHIBALD T., Electrical and mechanical properties of the system Buna S-Gilsonite, 
Nat. Bur. Standards Journ. Res., vol. 31, p. 141, 1943 (RP1554). WiLDSCHUT, A. J., 
Technological and physical investigations on natural and synthetic rubbers, Elsevier Pub- 
lishing Co., New York, 1946. Woop, LAWRENCE A., BEKKEDAHL, NORMAN, and ROTH, 
FRANK L., The measurement of densities of synthetic rubbers, Nat. Bur. Standards Journ. 
Res., vol. 29, p. 391, 1942 (RP1507) ; Ind. Eng. Chem., vol. 34, p. 1291, 1942; Rubber Chem. 
Techn., vol. 16, p. 244, 1943. Woop, L. A., and Titton, L. W., Refractive index of 
natural rubber at different wavelengths, Proc. Second Rubber Techn. Conf., p. 142 (Insti- 
tution of the Rubber Industry, London), 1948; Nat. Bur. Standards Journ. Res., vol. 43. 
p. 57, 1949 (RP2004). Woop, Lawrence A., Synthetic rubbers: a review of their 
compositions, properties, and uses, Nat. Bur. Standards Circ. C427, 1940; Rubber Chem. 
Techn., vol. 13, p. 861, 1940; India Rubber World, vol. 102, p. 33, 1940. Woop, 
LAWRENCE A., Values of the physical constants of rubber, Proc. Rubber Techn. Conf., 
p. |) l mie tution of the Rubber Industry, London), 1938; Rubber Chem. Techn., vol. 12, 
р. 130, 


* Prepared by Lawrence À. Wood, National Bureau of Standards. 
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TABLE 224.—PROPERTIES OF NATURAL RUBBER (HEVEA) 





Unit 
Реа... р сп 
Expansivity 

(ПИТТ 2... (deg C)" 
Thermal 
Thermal conductivity ..... cal sec! cm"! 

(deg C) 
РЕСНИК Леда 2.22... calg 

(deg C)'! 
Heat of combustion....... cal g`! 
Second-order transition 

temperature ........... deg C 
Optical 
Refractive index, np....... 
uünmp dd а И (Чер С) 
Electrical 
Dielectric constant 

(ОСЕ) ба. сиве... 

Loss factor, tan (90*-6) 

CIOQOUNCDS) ..-.......... 
Conductivity (1 min)..... mho cm” 
Mechanical 
Compressibility 

ANR d V/d P) Þar- 
Shear modulus ........... dynes cm? 
Initial slope of stress-strain 

ieu NN... M dynes cm? 
Ultimate elongation ...... percent 
Tensile strength ......... kg cm? 
Complex dynamic shear mod- 

ulus (60 cps), = Е : 

Real part G', E Nac em dynes cm? 
Imaginary part 0", Е .... dynes cm”? 
Resilience (ball rebound).. percent 
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Unvulcanized 


.906-.916 


67x10 


32X107 
45 


10.82 10° 
— 69 to —74 


1.5191 
—37X10° 


2.37-2.45 


‚002 
2-40хХ107" 


54х107% 


е 


Pure-gum 
vulcanizate 


.92-1.0 
66x10^ 


34X10 
.44—.5] 


10.6310? 
—72 


1.5264 
--37Х10% 


27 


002 
107 


51X107 
4x10* 


10-20 10° 


750-850 
170-250 


3-10 10° 


.3-.6X 10° 
75 


235 
Vulcanizate 
containing 
about 33% Ebonite 
carbon black (hard rubber) 
1.12-1.15 1.13-1.18 
Sg 107 19x10 
39-4510°° 39-4210 
36 34 
9.61 10° 7.92 108 
+80 
—— 1.6 
2.8-2.9 
.005 
10-7 
97X107 24x10? 
20x10" 
30-60хХ10% 55%10° 
550-650 3-8 
250-350 600-800 
25x10? 
3x10? 
45-55 
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TABLE 225.—PROPERTIES OF GR-S (HYDROCARBON OF ABOUT 23.5 PERCENT 


IBID «UO CER. are g 
Expansivity (1/V) (dV/dT) 


Thermal 


Specific heat T 
Second-order transition temperature.. deg C 


Optical 


Refractive index, np 
В Оо 


Electrical 


Dielectric constant (1000 cps) 
Loss factor, tan (90°—@) (1000 cps).. 


Mechanical 


Shear modulus 
Initial slope of stress-strain curve.... 
Ultimate elongation 
Tensile strength 
Complex dynamic shear modulus 


(60 cps), ТЕМ 
Real part С”, = 


Imaginary part G", A 


Resilience (ball rebound) 


са в (дев С)! 


• • « с • «= • • ® э э ө « «с « ө ө е ө «е е « ө 


e € 9 о ө « 9 9? ө ө € ө ө «е о о е 


e 9 9 s ә вао оо ао о * € * о о а ө ө 


• • • • 9? € е е ө е ө ө 9$ с € е о е о * 


* е • • • «с • • ә г «е ее еевее 


° е е ө е өе е е е ө ө о е е 


BOUND STYRENE CONTENT) 


Unvulcanized 


9325-0455 
66x10" 


45 
—59 to —64 


1.534-1.535 
—37x10^ 


Pu re-gum 
vulcanizate 


.961 
66 10° 


43 


2:99 
.003 


10-20x 10* 
400-600 
14-28 


5x10 


1-2x10? 
65 


Vulcanizate 
containing 
about 33% 

carbon black 
1.15 
53X10 


.36 


25x10 
30-60» 10" 
400-600 
170-280 


55x10? 


9х 10° 
40-50 


TABLE 226.—PROPERTIES OF NEOPRENE (CHLOROBUTADIENE POLYMER) 


Density uum E T. 
Expansivity (1/V)(dV/dT) 


Thermal 


Second-order transition temperature 


Optical 


Refractive Index np 
dnp/dT ЕС. 


Mechanical 


Shear modulus 


c' J-ic' 


€ 


"е ө • 0692220829249 925929222 $9 € € 


Real part G', E 


: g 
Imaginary part G", = 


Resilience (ball rebound) 
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4 ж.егесвч«еегееееегсеееегсесеегеееее 


Initial slope of stress-strain curve 
Ultimate elongation 
Tensile strength 


Complex dynamic shear modulus (60 cps), 


~ 


ees «• • ° е е е ө е е с с • э ә «е э є с ө «с ө о е 


* е ә 5 6€ 9 9 € «с с «св ө о о е е 


Unvulcanized 


123 


—38 40 —41 


1.558 
—36 X105 


Pure-gum 


vulcanizate 


1.30 
61х10 


15-30 10° 
800-1000 
250-375 


6x10 


1x10 
65 


Vulcanizate 
containing 
about 33% 

carbon black 


30-36 10° 


6x 10° 
40-50 


TABLE 227.——PROPERTIES OF 


Pure-gum 
vulcanizate 


.93 
67X10" 


2.1-2.6 


7-15X10° 
750-950 
180-210 


4-10 10° 


2-3 10° 
8 
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GR-1 (BUTYL RUBBER, ISOBUTENE-ISOPRENE 


Vulcanizate 
containing 
about 33% 


carbon black 


1.13 
46x10^ 


18% 10" 
30-40 10° 
650-850 
180-210 


36X 10° 
16x10? 


COPOLYMER) 
Unit Unvulcanized 
Шен 220222222... g cm”? .92 
Expansivity (1/V)(dV/dT) ............. (deg C)" 
Thermal 
Second-order transition temperature....... deg C —67 to —73 
Optical 
еп сасшуе паех поље вас сиса ес иен ни ти 1.5091 
Elcctrical 
СЕНС СОНА о аен 
Mechanical 
Shear modulus а. ПЕ ae = 
Initial slope of stress-strain curve........ dynes cm” —— 
іште clongation нат a a SOR percent —— 
Tensile Strength а. она а. Ке ст“ ---- 
Complex dynamic shear modulus (60 cps), 
c' Lic" 
нежен 
! с' -2 
Real part С”, uote nnn е. dynes cm 
R c" 
Imaginary part С == ОТТОР dynes cm? 
Бесілепсе  Cballvreboundyies s... oo ата percent 


TABLE 228.—COMPRESSION OF RUBBER ? 


Commercial soft-packing, black, density about 1.9 g/cm? and Vo = 1 ст? 





Pressure Pressure 
kg/cm? 20°С —78.8°С kg/cm? 
5,000 ‚1300 ‚0794 20,000 

10,000 ‚1800 1235 25,000 
15,000 .2146 .1538 30,000 


AI 


20*C 
.2345 
2535 
‚2700 


Pressure 
—78.8°C kg/cm? 
1772 35,000 
‚1958 40,000 
‚2119 45,000 
50,000 


73 Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 74, p. 50, 1940. 
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20°С 
.2845 
.2960 
.3050 
.3124 


—78.8°С 
.2254 
.2364 
.2460 
.2540 
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TAPE) 250-252—- CH ARACTERISTICS*@F PLASTICS 
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240 TABLE 231.—PROPERTIES OF SOME OPTICAL PLASTICS *? 


Polymer Moo Boiling, point 

Name Np” р * No k 

Allyl methacrylate о. СИТЕТ 1.5196 49.0 о 55/30 mm 
db s 

Benzyl mellacrylate У ш. 1.5680 36.5 1.514 233 
4-cyctolaxyl-cyclohexyl metharcylate .... 1.5250 53. 1.4913 111/1 mm 
Menthyl metharcylate ^ TE 1.5064 54.5 s Жа 
Ethvlene'dimethacrylate Е 1.5063 53.4 1.4547 92/3 mm 
Methyl methacrylate и 1.490 56.25 1.417 100 
SUE осо а О 1.5916 51) 1.5434 146 
Ocehlorostyrene ........... TEE 1.6098 31.0 1.567 47/37 mm 
Pentachlorophenol methacrylate ........ 1.608 22 5 a (MP 3854C) 
Vinyl naphthalene И 1.6818 20.9 | "^ 92-95/mm 


76 Polaroid Corporation, NDRC Report, Library of Congress PB 28553. 


* See Table 523. 


TABLE 232.—GENERAL PROPERTIES OF OPTICAL PLASTICS 


Cyclo- 
hexyl- 
metha- 
crylate 


Sterene 


Index Np20°C .. 1.50645 1.59165 


Index tolerance . +.0015 


» values 75. 56.9 
< S tolerance. +5 


Partial dispersion 


Nr-No....... .00895 
Np-Nc....... .00258 
Nr-Np ....... .00638 
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4-.0015 


31.0 
+.3 


‚01920 
‚00536 
01384 


Сусіо- 

һехуі- 

metha- 

crylate Sterene 
Thermal exp. coeff.... ОХО УС 805000: 2 


Thermal conductivity. 2.31107‘ 220 


(cgs) са вес cm C 

Index charge per °C.. --.000131 —.0001 36 
Max. operating temp.. 150°F 150°F 
МЕНІ „се... —— 1.095 g/cm? 1.049 g/cm? 
Moles hardness ...... 2-3 2-3 
Over-all visual trans- 

mittance through sam- 

ple à in. thick...... 99.1% 99.9% 
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The values of the properties of natural fibers are influenced by their source, 
extent of processing or purification, age, temperature and moisture content 
when tested, and method of test. Those of man-made fibers not only reflect 
these influences but they can be and commonly are varied to meet the require- 
ments of use by suitable modifications in composition and manipulation of the 
fibers during production. These facts and the lack of strictly comparable 
data for all the principal fibers led to the decision to show in the tables the 
range in values of the properties reported in recent literature rather than 
selected values. The azlons, made from different proteins, are lumped together 
and so are the ordinary, medium, and high-tenacity rayons and the several 
varieties of resin fibers of each kind. References to literature giving more 
information and more detailed information are as follows: 

Textile World's synthetic fiber table, 1949 rev., compiled by C. W. BkENntGO, editor, 
Textile World, September 1949. Chemical engineering materials of construction, Ind. 
and Eng. Chem., 2d ed., vol. 40, p. 1773, 1948; 3d ed., vol. 41, p. 2091, 1949. Fiber prop- 
erties chart —1948, Plastics Catalogue Corporation, New York. SurrTH, H. DEWTtTT, 
Textile fibers—an engineering approach to an understanding of their properties and utiliza- 
tion, Proc. Amer. Soc. Test. Mat., vol. 44, p. 543, 1944. A. S. T. M. standards on textile 
materials. Amer. Soc. Test. Mat., October 1949. Die Unterscheidung der Textilfasern, 
2d ed., Verlag Leeman, Zurich, 1949. MorEHEAD, F. F., Some comparative data on the 
cross-sectional swelling of textile fibers, Textile Res. Journ., vol. 17, p. 96, 1947. 
Preston, J. M., The temperature of contraction of fibers as an aid to identification, Journ. 
Textle Inst. vol. 40, p. T767, 1949. ABBOTT, N. J., and GoopiNcGs, А. C., Moisture 
absorption, density, and swelling properties of nylon filaments, Journ. Textile Inst., vol. 40, 
p. T232, 1949. Hutton, E. A., and GArtTsIDE, JOAN, The moisture regain of silk, 
Journ. Textile Inst., vol. 40, p. T161, 1949. Hutton, E. A., and GartsiweE, Joan, The 
adsorption and desorption of water by nylon at 25° C, Journ. Textile Inst., vol. 40, p. T170, 
1949. МАасМпл.м, УУ. G., MUKHERJEE, R. R., and Sen, M. K., The moisture relation- 
ships of jute, Journ. Textile Inst., vol. 37, p. T13, 1946. ALBRIGHT, J. G., “Spider Silk,” 
Science Teacher, October 1944. 


* Prepared by W. D. Appel, of the National Bureau of Standards. 
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Acetate * 
(cellulose) 
Density (ge) .....<.. 00... 1.30-1.35 
Refractive index: epsilon . 1.476-1.478 
omega ..... 1.470-1.473 
Tensile strength (1000 1b/in.?). 20-30 
Tenacity: dry (g/denier 1) ... 1.2-1.5 
wet (9o of dry).... 60-65 
Elongation to break (%)...... 23-50 
Recovery from strain 
К опгайоп (%)...... ...... 2 
Eocover MM oe els eR vs 94 
ЕЛЕ... 20 
Е ЕСО есу. 23 
Average stiffness 8 ........... 3-7 
Toughnens index! ........... 16-32 
Moisture regain at 65% R. H. 
and 70°F (% of bone-dry 
ЕО .......... 6.0-6.5 
Swelling in water, cross-section 
ӘЛЕШПЕ (40) 52222... ‚9 
Heat stability; temperature °C 
at or above which fiber 
ПОПОВА еее ана 
loses strength ........... 90-107 
ЕП болт» И... 177-208 
ОИЕ cer RUE 
Hecomposes 2.2........... ... 


* Acetate rayon or estron. 
in grams of 9000 meters of the fiber. 
substance to resist deformation. 
to absorb work. 
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А 21оп (casein, 
зоуђеап рго- 
tein, zein 


1.25-1.31 


1.537-1.545 
1.537-1.545 


10-19 


.6-1.0 
35-50 


12-15 


5 

60 
20 
30 


2 
14 


10.0-15.5 
5.0-10.0 
100-171 


232-246 


Glass 
2.54-2.56 


1.541-1.548 
1.541-1.548 


204-220 


6.3-6.9 
99 


2.0-3.7 
3 
100 


290 


316 
816 


f Including regular and high-tenacity varieties. 
"he value given for stiffness is a measure of the ability of the fiber 
| Тһе toughness index is a measure of the ability of the fiber substance 


t "Denier" 


TABLE 235.—PHYSICAL PROPERTIES OF MISCELLANEOUS FIBERS 


Nylon t Polyethylene 
1.14 ‚92 


1.570–1.580 
1.520-1.530 


65-117 


4.5-8.0 
85-90 


14-25 


11-30 


2 
100 
20 
75 


22-41 
45 


3.5-4.5 0 


3.2 


Does not 
contract 74 
140 2 
220 Lm 
DT. 104 


is the weight 


TABLE 236.—MECHANICAL PROPERTIES OF FIBER ROPES * 245 


Linen yacht rope Manila bolt rope Nylon yacht rope Saran rope f Sisal rope po 
FSS SS an. а= 
42 a === = E 
Исан ТƏ И cs D 
Е == ЕС == 5 zm xis = PS == Es zS 
Е ША 525 55 35 д 55 ta Eš хл OES 55а 
5 EAS E = =" =“ =" Za = А = =" B 
120 
(37) 
76" = --- 1.27 460 929 850 1.47 260 1.47 360 250 
1” 2.02 925 1.71 605 1.66 1200 273 560 1.96 480 460 
11 2.98 1400 2.32 1045 2.59 1900 3.93 730 2.84 800 650 
i" 4.42 1950 3.56 1400 3:75 2700 5.66 990 4.02 1080 850 
ТЕ 6.00 2425 5.50 1925 515 3700 —- —- 515 1400 1000 
4” 8.00 3200 7.05 2920 6.71 4700 10:3 1770 7.09 2 212) 1250 
is" 10.3 4050 8.6] 3800 8.41 6000 14.0 2630 10.2 2760 
5” 12.4 4920 11.0 4850 102 7500 1774 3120 131 3520 
3” 15.4 5910 13.0 5950 15.0 11,000 232 4020 16.3 4320 
13" 19.0 7075 1022 ЖЕШ 122 13,300 -- —- 19.1 5200 
i 252 8460 19.2 8470 20.3 15,600 32.0 5700 22.0 6160 


{ 27.3 10,020 23.0 9900 270 19,000 42.5 
135" 32.9 11,000 27.0 11,550 30.0 23,000 -- — 30.7 8400 
БЕ 5/6 12,200 318 13,200 34.0 26,000 —- --- 39:22 9600 
117 435 14,500 36.9 14,850 410 32,090 67.0 12,000 40.8 10,800 


8000 26.5 7200 


ES ЫЫ 


lis”  —- 42.5 16,500 - - -- 46.0 12,000 
11" -- --- 53.5 20,400 — - — —- --- 58.8 14,800 
13" --- —— 82.0 29,200 --- --- --- --- 87.7 21,200 
26 —- --- 99.0 34,100 —- --- — —- 105. 24,800 
21" —- —- 143. 45,000 —- —- — -- 143. 32,800 
21" —- —- 163. 51,000 --- —- —- —- 163. 37,200 
Я --- --- 235. 70,000 --- --- —- -- 237. 51,200 
се -— --- 289. 85,000 —— —- — —- 292, 61,600 
* Data from the Plymouth Rope Co. and Mr. Axelsson of Columbian Rope Co. Data on cotton rope 
pasted by Mr. Moss, Southeastern Cordage Co. f Excellent resistance to acids, alkalis, and most 
chemicals. 
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TABLE 239.—DENSITY IN g/cm* AND IN Ib/ft®? OF DIFFERENT KINDS 
OF WOOD 


Wood 15 to be seasoned and of average dryness. Sec also Tables 237 and 238. 





Wood g/cm! lb /ft3 


ШЕР. .42- .68 26-42 
ОШ E .66- .84 41-52 
о СЕ 165—585 40-53 
о N, « Cork 
Ја РОС $54... er .31- .40 19—25 
Basswood 

(See Linden) 
БС на .70- .90 43-56 
EIC. 2. E 32-48 
Ше рїш ........... 1.00 62 
Б... .95-1.16 50-72 
Бие тсе .......... 1.05 65 
БШ СИЛАП, ШШК К 38 24 
ШАР ell. .49- .57 30—35 
ОШйеггу ............. .70- .90 43-56 
БОЛЫ... 27-526 14-16 
IDoewoud му. сс: 76 47 
Dem M liess 1.11-1.33 69-83 
Г но а 54 60 34-37 
Greenheart оне. .93-1.04 58-65 
bee. .60- .80 37-49 
У х .60– .93 37-58 
ИО Иса а .76 47 
Iron bark leues 1.03 64 
ШИШ рег ............. ‚56 35 
Шароит а... 92 57 


Wood g/cm? Ib /ft3 


Бапсемооа ......... .68–1.00 42-62 
Шен vitaes ro 1.17-1.33 73-83 
Linden or lime-tree.. .32- .59 20-37 
IEGCUSt И О / 42-44 
loewood 2222 ‚91 57 

Mahogany, Honduras. .69 4] 

Mahogany, Spanish .. .85 53 

Maple лиле coer: S. 62- 75 39-47 
Bak... ШОШ. 60- .90 37-56 
Реат-ггее ИТЕУ 61- 73 38-45 
Pine, eastern white... .35- .50 22-31 
Ріте а D .50- .56 31-35 
Pine*pitch m .83- .85 52—53 
Pinc, гео. .48- .70 30-44 
Pine. Scotch ane 1d 4 27-33 
Pine spruce е .48- .70 30-44 
Pine, yellow coms ‚37- .60 23-37 
Plum-tree ан 66- .78 41-49 
Poplar co e jos 5 22531 
Satinwood s.s.. .95 59 

Sycamore ae = .40- .60 24—37 
Teak, African eea. .98 6l 

Teak, Indian = .66– .88 41–55 
Walmit MEE 64- 70 40-43 
Water gum ы 1.00 62 

Willow =e 40- .60 24:37 


TABLE 240.—DENSITY (g/cm*) OF SOME FOREIGN WOODS ON THE 
AMERICAN MARKET * 


ЛОШ "leue ОТИ 464 
Е Roa A TENE ‚11 
Boxwood, West Indian........ 83- .88 
Bullet-wood, Guiana ......... 1.03-1.23 
ЕСО 2 T ООМО .84 
Cedar Spanish seese .38 
Mocobolas 0, eee 1.20 
EGS ыы мк АИ [125 

Ш Еос о ODER 68 

| a ЭТ eee 83 
Илпаап, те! .............. ш @ 41 
Mahogany, African ........... 55 
Mahogany, -E. Indian.......... 38 
Mara о ИИА 1.07-1.09 
ОАТ Ені ..........- ШО 60- .78 


Olive Son. AREE. .94 


Orangewood ЕЕ ра ‚70 
Районе. И .89-1.29 
Рита уер ОСУИ .58 
Ригріс-һеаы етан e .72- 97 
Quebracho Ие (22 
Rosewood Brazil У .77— .84 
Rosewood, Honduras ......... 1.09-1.23 
Sabicu Ж. и .90– .96 
Snakewoode. . E... nA 1.05-1.33 
‘Tamarind’ 223 eee ee 1.32 
langmle 2 AN om 47- .51 
Walaba ЖЫ. ЖЕ cec .93- .94 
Zebrawood m . AE. er PUE 1.03 





* Table prepared by W. N. Watkins, U. S. National Museum. 
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TABLES 2431-253.— TEMPERATURE, PRESSURE, VOLUME, AND 
ТЕТЕ ОТТО OF GASES AND VAPORS 


TABLE 241.—SIMPLE GAS LAWS 


Any amount of gas coinpletely fills the space in which it is confined. The pressure it 
exerts upon the confining walls depends upon the temperature. A quantity of gas can 
not be specified by volume only; all three factors—volume, temperature, and pressure— 
must be stated. The relations between these three factors are expressed by means of the 


following equation, 
pu = КТ (1) 


in which f, v, and T represent simultaneous values of the pressure, volume, and absolute 
temperature of any definite quantity of gas, while A is a constant, the numerical value of 
which depends upon the quantity of gas considered and the units in which pressure, volume, 
and temperature are measured. 

While the behavior of gases at atmosphcric pressure closely approximates the equa- 
tion (1), the relation is not exact. The expansion of air is nearer one-272d of its volume at 
273.16°K per degree. For most practical purposes such errors may be neglected. 

If we take weights of gases proportional to their molecular weights, a new relation of 
the greatest importance develops: The value of the constant in equation (1) is the same 
for cach gas. It is customary to use as the unit of quantity, the mol, the number of grams 
of gas equal to the molecular weight. When 1 mol is the quantity considered, the resulting 
value of K is designated R. 


Values of R in PV — RT for one mol of ideal gas.—1 bar = 10° dyne/cm? = 0.987 
ант. 1 ke/enm’ =0.908 atm. Gram molar volume of ideal gas at 0°C =22414.1 cnr. 
Cound molar volume of ideal eas at 32°F = 359.05 it? Ice point, 0 C=27316 K; 
ЖҮН = 49178. 1 liter = 1000027 cm’. 


Temperature in degrees Kelvin, °K (per gram mol) 


Pressure Volume Energy R 
calories 1.98719 
°C + 273.16? abs joules 8.3144 

atm ст? 82.057 
atm 1 08206 
bar 1 08315 
kg/m* 1 847.87 
kg/cm? 1 .084787 
mmHg 1 62.365 


Temperature in degrees Rankin, °R (per pound mol) 


Fressure Volume Energy R 
ob = 459.7° Btu 1.98588 
hp-hr .00078047 
kw-hr .00058189 
atm In ‚73008 
стНе fe 55.486 
inHg ft? 21.845 
ШЕП abs ШІ 10.729 
Ib/in.’ abs in 18540.2 


With the mol the unit of quantity, N the number of mol of gas, equation (1) becomes 
ре. КТ (2) 


By the use of equation (2), the above table, and a table of molecular weights, the solution 
of any problem involving volumes, tempcratures, pressures, and weights of gases 1s 
very simple. 


Mixtures of gases.—Any quantity of gas fills the space in which it is confined and 
exerts a pressure upon the confining walls. If an additional quantity is added, the pressure 
is increased in direct proportion to the quantity added. One can regard the pressure 
exerted by each portion of the total quantity of gas as independent of the presence of the 
rest. This ts true if the second portion of gas is different chemically from the first (Dalton’s 
law), provided the gases do not react chemically. 


(continued ) 
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260 TABLE 241.—SIMPLE GAS LAWS (concluded) 


Vapor pressure and the effect of vapor pressure upon the measurement of gas.— 
If a volatile liquid is introduced, a portion evaporates and exerts a pressure on the con- 
fining walls. The amount evaporated and the pressure exerted are independent of the 
presence of any other gas. If there is enough so that not all evaporates and if time is 
allowed for equilibrium, the pressure is independent of the volume of space and of the 
amount of liquid left unevaporated; but it does depend upon the temperature. For each 
volatile liquid there is therefore a definite saturation pressure or vapor pressure cor- 
responding to every temperature. See Tables 360-369. 

When any gas is in contact with a volatile substance, the measured pressure is the 
pressure exerted by the gas plus the vapor pressure of the volatile material. With no 
change of temperature, this vapor pressure remains constant no matter how we change 
the total pressure. Hence for the purposes of volume conversion the saturated gas may 
be considered as a dry gas, the pressure of which is the partial pressure of the gas, or its 
equivalent, the difference between the total pressure and the saturated vapor pressure of 
the volatile material. 


TABLE 242.—VOLUME CONVERSIONS, FACTOR Z, FOR HIGH PRESSURES * 


Іп the measurement of gases at high pressures the quantity Pl’ is no longer constant 
at constant temperature but varies with the pressure by amounts that differ for each gas. 
Pih PR. РР; UA 
ЕТ. ЕЛ КТ 
is given for different values of some one or more of the variables. The values of Z for 
different gases as given in the table are for different pressures and temperatures. The 
values extend to pressures of 100-200 atm and to temperatures of 200°C. Values of this 
factor of hydrogen for temperatures ranging from 16°K to 600°K and for pressures 
ranging from a small fraction of an atmosphere (.01) to 100 atm are given in Table 254, 
Равно Тће value of this factor can be calculated for a wide range of pressures using 
the data given in some of the following tables. 


This tables gives values of volume correcting factor Z (V=1 at 1 atm pressure and 
(267 





Consequently the relation 





no longer holds. As a correction factor, Z — 


Air Argon 


т-----------------: ---------------------. Хеоп 
Atm ік 50°С 100°C 200°C oC 50°С 100°C 200°C 0°C 
10 .9952 .9997 1.0021 1.0061 9021 .9973 1.0000 1.0023 1.0045 
25 .9877 .9987 1.0044 1.0084 9784  .9918  .9984 1.0044 1.0119 
50 92782 .9996 1.0100 1.0177 9577 .9842 .9971 1.0084 10235 
75 9722 1.002 1.0191 1.0277 9403 .9783 .9971 110138 1.0358 
100 9712 10977 100252 10382 9262 .9746 .9990 1.0197 (1.0492) 
Helium Hydrogen Oxygen 
Atm 0°C 509С 1002С 0°C 50°C 100°C 200°C оС | "2070 2507 Сао 


10 1.0050 1.0042 1.0035 1.0062 1.0056 1.0051 1.0042 .9908 .9933 .9965 .9993 
25 1.0129 1.0108 1.0092 1.0156 1.0141 1.0127 1.0105 .9771 .9835 .9908 .9980 
50 1.0260 1.0218 1.0185 1.0316 1.0285 .1.0255 1.0209 .9562 .9685 .9831 .9968 


75 1.0392 1.0329 1.0279 1.0480 1.0429 1.0384 1.0315 .9378 — 9771 .9971 
100 1.0524 1.0440 1.0372 1.0646 1.0575 1.0514 1.0419 ‚9231 — .9733 .9983 
200 — — — 1.1333 1.1168 1.1036 1.0839 — - -- -- 
Хигореп Methane 
a n RESE o E н 
Atm 09С 3070 100*C 0°C БО 100°C 200°C 


10 9075005 1.0035 978 .980 .993  .999 
50 :Jedo 120095 2] 0125 883 941 971 .997 
100 9835 1.0145 1.0295 781 896 .951 .998 
150 1.0015 1.0385 1.0546 (730) .873 .943 1.004 
200 — 1.0686 1.0836 — 873 .950 1.020 





* Adapted from data furnished by J. Hilsenrath, National Bureau of Standards. 
7 Woolley, Scott, and Brickwedde, Nat. Bur. Standards Res. Pap. RP 1932, vol. 41, 1948. 


SMITHSONIAN PHYSICAL TABLES 


261 
TABLE 243.—RELATIVE GAS VOLUMES AT VARIOUS PRESSURES 
(Deduced by Cochrane, from the pv curves of Amagat and other observers.) 


Relative volumes when the pressure is reduced from the value given at the head of the 
column to 1 atmosphere; see also Nat. Bur. Standards Circ. 279. 


Relative volume the gas will occupy when the pressure is 
reduced to atmospheric from 


Gas a eS Ce 
(Temp. = 16°C) 1 atm 50 atm 100 atm 120 atm 150 atm 200 atm 
me CricCi gma: 722222... « 1 50 100 120 150 200 
МЛН a 1 E. 94.6 112.5 141 AUN 
УСОРЕ 22... ] 48.5 93.6 111.3 136.3 176.4 
тосеп ое... 1 50.5 100.6 120.0 147.6 190.8 
EUN SOME е. Е... 1 50.9 101.8 1219 150.3 194.8 
Orgon oc EE EQUO TEENET Е. 106.3 127.6 161 5 
Шхуреп а... 1 s 1057 Lm eT 212.6 
Ооо ое Т И 1 52.3 107.9 128.6 161.9 218.8 
Carbon dioxide k. ms.. 1 69 477% 485% 498% 515 


* Carbon dioxide is liquid at pressures greater than 90 atmospheres. 





TABLE 244.——VAN DER WAAL'S CONSTANTS FOR IMPERFECT GASES ? 


Van der Waal developed an equation to represent the pressure, temperature, and volume 
relation of a real gas. One form of this equation is 


| > +а(р) |o- D) = (2) 


n = number of molecules 
(V — nb) — effective volume 
a = internal pressure constant [(dynes/cm?) X (cm*/mol) ] 
b = reduction in effective volume (V) per molecule (cm*/mol) 


P (dynes/cm?), I! (cm?/mol), R, and T have their usual meanings. 
The value of these constants (a and b) for various gases are given in the table. If Van der 
Waal’s equation were correct, 17-/3 = b (Ic critical volume). 


7 Slater, J. C., Introduction to chemical physics, page 408, 1939, McGraw-Hill Book Co. Used by 
permission of the publishers. 


(continued) 
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TABLE 244.—VAN DER WAAL’S CONSTANTS FOR IMPERFECT GASES (concluded) 


Gas Formula 

Кеби oa К ы. с. Ме 
Неш. 2... Не 
Hydrogen eese 2 
Мише охае ....... МО 
Vo: ............ H;O 
©Охуреп............ O: 
О а. 
AMONIA о а МН: 
Мий реп .......... 2 
Carbon monoxide ... CO 
Крол... Кг 
Hydrogen chloride ... HCl 
Nitrous oxide ...... N:O 
Carbon dioxide ..... CO; 
Methane =... CH: 


Hydrogen sulfide ... HS 
Hydrogen bromide . 


PREMOM 27222222... е 
Се... С.Н» 
Phosphine па... о РН» 

Са T N Cl: 

Sulfur dioxide ..... SO: 

Ое о... СН, 

Silicon hydride ..... SIH; 
Methylamine ....... CHiNH: 
ЕШале е eanan СН-СН; 
Methyl alcohol ..... CH;OH 
Methyl chloride .... CHCl 

Methyl ether ....... ( CH;)20 
Carbon bisulfide .... CS 
Dimethylamine ..... (CHi);NH 
Bropylene- о. C3H, 

Бл сола 6 C:H;OH 
Propane eine oaa eaa CH;-CH;-CH; 
Gilorotdrm aa... A СНС. 

Peete Acid 3 CH;COOH 
Trimethylamine .... (CHs)3N 

ko Butane a. a. СН(СН3): 
Beozene oor. mN СЫН 

nsButane ал CH;(CH;);CH; 
Еау ешег 0. (СаН;):О 
Triethylamine ..... (CaHs)3N 
Naphthalene ....... Соја 
БОСА 22222. СН,(СН,) СН, 


сапе ы. СРО Е) СИ; 
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a 

021x107 
.035 

0.25 
1.36 
5.53 
1.40 
1.36 
4,22 
1.36 
1.50 
25 
27/2 
3.61 
3.64 
2.28 
4.49 
4,51 
4,15 
4,43 
4.60 
6.57 
6.80 
4.46 
4.38 
7.23 


b 


17.1 
23.6 
26.5 
27.8 
30.4 
32.2 
32.2 
36.9 
38.3 
39.7 
307 
40.7 
41.1 
42.5 
42.6 
42.7 
44.] 
50.8 
S3 
51.4 
56.0 
56.1 
56.1 
57.6 
59.6 
63.5 
66.8 
64.5 
72.2 
76.6 
79.6 
82.4 
83.8 
84.1 
102 
106 
108 
114 
120 
122 
134 
183 
193 
236 
289 


Vc/3 
14.7 
20.5 
21.6 
19.1 
18.9 
24.8 
26.1 
24.2 
30.0 
30.0 
36.0 
29.8 
32.3 
32.8 
32.9 


47.6 
39.0 
45.4 


67.5 
41.0 
221 
57.0 


85.5 
94.0 


162 





Molecular 
volume of Electric 
liquid moments 


16.7 ЖО 
27.4 0 

26.4 0 

ZA 
18.0 
2547 
28.1 
24.5 
225 
32.7 
38.9 
30.8 
44.0 
41.7 0 
49,5 0 
35.4 
dn 
47.5 
50.2 
49.2 
41.2 
43.8 
49.3 
47 
44.5 
54.9 
40.1 
49.2 


59.0 

66.2 

69.0 0 

572 1.63 

239 0 

80.2 1.05 

504 

89.3 

96.3 

86.7 0 

96.5 0 
100 1 
139 
112 .69 
162 0 
195 0 


со 
Сл 


+ 
A 


. геово-ос= 
Уа . 
с 


м cC 
сло 


~ У 
Со Ww 


QV м 
— (сл 


Кы шк = = == 
меті 


О + с 
мю мо 
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TABLE 245.—CORRECTING FACTORS: SATURATED GAS VOLUME TO 
VOLUME AT 760 mmHg AND 0°С* 


Multiply observed volumes of saturated gas by factor to correct to volume of dry gas at 
760 mmHsg pressure (0 C) 


Tem- 
pera- Pressure mmHg 
ture 


ПЕ 222. 
(°С) 715 720 725 730 #35 740 745 750 739 760 765 770 


38 916 .922 .928 .935 942 .948 954 .961 .67  .974  .980  .986 
6 012 918 .024 931 937 944 950 .957 .963 970 976  .982 
7 908 .914  .920  .927 933 940 946 952 959 965 972 978 
8 904 910 .916 .923 929 936 .42 948 955 .961 5967 974 
d 0) 906 92 919 8025 92 95 94 941 957 9603 970 


10 806 .902  .908 015 .921 .928 .934 940 .46 .953  .959 .966 
11 802 .898 59044 911 917 .924 920 936 0.942 .49 .55 .962 
12 6886 804 000 907 013 .919 025 15932 932 945 551777957 
13 884 .890 896 903 .909 5015 921 .28 .934 0.940 947 .953 
14 880  .886 .892 899 905 911 9017 924 .930 .936 942 949 


IS 876 882 888 .805 901 .907 .913 .920 925 .932 938 944 
16 872 .878 884 .890 86 .903 922 915 921 .28 .934 .940 
17 СОЗИ БО | о 595 о O20 сые 
18 864 .870 .875 882  .888  .804 .900 .07 913 010 .25 .931 
19 859 .865 .871 .878 .884 600 896 .902 908 915 .20 927 


20 B55 Meco! 507 84 89 .886 5022 9825 904 20 015 24/22 
21 О ЧОО 59 527 ва 55/ 597 59 2900 TI 
22 SUP ESS 865 871 8/7 52 85 50 907-000 213 
ZS 842 848 .854 .860 866 .872 878 .884 .890 .897 903 .909 
24 838 .844 .849 856 862 .868 .874 880  .886 .892 .898 .904 


25 328209 84500551: 57 802 5008 5/5 85981 725585 52 0507 
26 5202855 41547 5202 985902 5020 871 877 5527 559 4255 
2 824 .830  .836  .842  .848  .854  .860  .866  .872  .878 .884 .890 
28 СЕК 611053) 843 59 527 801 Ж5507/ 577 87 55 
2 815 821 826 832 98358 844 4850 856 862 868  .874 880 


30 ООО 522 525 82 540 845. 1.851 55/ 5017 869 %575 
31 .805 811 817 .23 .29 4835 840 846 4852 .858 .64 4370 
92 800 806 812 .818 823 .830 .835 841 .847  .853  .859  .865 
33 795 .801 807 4812 .818 824 330 836 842 .848 .853 .860 
34 790 796 801 807 4813 819 .525 81 .837 .842 .848 .854 


35 785 .790 796 4802 808 814 80 85 81 837 .43 849 
36 ‚780 53 791 797 502 98 58 90 596 84 630 54 
27 774 .750 785 791 797 .803 .809 .814 820 .820 .832 .838 
38 769 774 780 786 791 76 .803 809 814 .20 .26 .832 
20 270399208 7788 78008 /85 T790 57 .50. 509 S12 то 


40 756 2202 76/4 8780 786 202 ИШ реа" 
41 751 ЛЕ” 9 780 20 2001 а-ы 20 
42 17450875] . .75088 762 2889768 7/1 12298 752077701. 708 502 ШЫ 
43 7306745 ‚750.750 “7625767 5 М9 794 70Ш 7250202 
44 7937-48 44 50 755 999276] 26 7/2 27/889 СЕ. > 


45 726. 2 7М 748-7074 7750 о ОИ к 
46 720. 725 731 79 742 748 754 729 765 7700 770) 7752 
47 132 10 724-730: 235 2 Шә 240 752 55 алат а” о 
48 UG 705 17 1723 “728 8 43945 ИЗ о 
49 270007052. 710 „71б 22І T "ES м. | 


* Abridged from Nat. Dur. Standards Circ. 279, 1926. 
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264 TABLE 246.—COMPRESSIBILITY OF GASES 


Part 1.—Ordinary temperatures 


As a measure of the compressibility, it is customary to use a coefficient, 
1-БА--роо/ріуі, povo being at 0°C. 


Н, Tt A= 99939 £= 09001 CO 1 + Х = 1.00081 
№, 1.00044 .00001 СО: 1.00668 
О; 1.000004 .000013 N:O 1.00747 
He (99048 .000005 
Ме 99951 .000025 
А 1.00099 .000026 


Part 2.—Low temperatures . 


pv = 1 for 0°C, 1 atmosphere 


Helium Hydrogen 
Р Р р | 
du € atm pu Density tC atm pu Density 
.00 26.66 1.0146 26.28 .00 32.20 1.0188 31.715 
| 38.95 1.0196 38.20 i 44.119 1.0266 43.284 
Su 58.58 1.0294 56.91 --103.57 38.41 6376 38.41 
--103.63 24.13 (6337 38.07 .58 51.49 .6433 80.04 
У 49.96 .6479 77.08 —204.70 16.75 .2404 69.68 
—269.69 292 ‚01126 20.63 i 37.00 .2316 159.7 
ја 252 01041 33.92 Ў 44.63 .2300 194.0 
— 270.52 .0308 .00911 3 381 —257.26 .06608 .05783 1.1582 
E .0649 .00858 7.535 b 12153 057108 2.3031 
Neon Argon 
-—— ——— D—— n —Y 
Р b 
PC atm фо Density РС айт pv Density 
.0 23.06 1.0089 21.87 .0 20.58 .9856 20.88 
К 30.79 1.0147 30.34 И 31.57 9774 32.30 
г 84.66 1.0408 81.35 --102.51 14.86 5813 25.57 
— 200.1 61.66 2397 763.8 а 45.09 4706 95.80 
С 79.92 .2293 348.6 я 62.24 .3939 158.01 
--217.5 49.93 .1393 358.5 — 130.38 12 72 4663 27.39 
ii 64.97 .1269 511.8 --159.62 11.09 4262 28.12 
E 79.42 .1256 032.2 —149.60 11.15 3821 29.18 
Oxygen Nitrogen 
р | p ! 
iC atm pv Density {°С айт pv Density 
0 20.92 oo 2152 0 33.14 9886 33.52 
“ 49.79 9573 5201 “ 43.08 9860 4370 
2500389. 21:01 6550 32.09 « 58.64 0834 59.62 
“ 34.18 6213 5502 ОИ 6516 4613 
“ 61.88 5464 1323 « 45.47 6270 72152 
— 116.01 22.30 4835 46.12 G 56.71 .6109 92.84 
E 43.95 .3541 124.1 --146.32 22.92 „3340 68.62 
P 55.05 ‚1667 330.2 ы 30.14 ‚2656 113.48 
i 36.49 .1058 344.5 
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TABLE 247.—RELATIVE VOLUMES FOR O, AIR, N, AND H AT VARIOUS 
PRESSURES AND TEMPERATURES 


(Volume at 0°С and 1 atm being taken as 1,000,000) 


Oxygen Air Nitrogen Hydrogen 
о LLLLL,.. д = —— 
Atm ns 999.5 1999.5 0? 9994 200°.4 0° 99°.5 199?.6 0° 999.3 200°.5 
100 9265 9730 9910 — 


200 4570 7000 9095 5050 7360 9430 5195 7445 9532 5690 7567 9420 
300 3208 4843 0283 3698 5170 6622 3786 5301 6715 4030 5286 6520 
400 2629 3830 4900 3036 4170 5240 3142 4265 5331 3207 4147 5075 
500 2312 3244 4100 2680 3565 4422 2780 3655 4515 2713 3462 4210 
600 2115 2867 3570 2450 3180 3883 2543 3258 3973 2387 3006 3627 
700 1979 2610 3202 2288 2904 3502 2374 2980 3589 2149 2680 3212 
800 1879 2417 2929 2168 2699 3219 2240 2775 3300 1972 2444 2900 
900 1800 2268 2718 2070 2544 3000 2149 2616 3085 1832 2244 2657 
1000 1735 2151 — 1992 2415 2828 2008 — — 1720 2093 — 


TABLE 248.—RELATIVE VALUES OF pv FOR ETHYLENE 


pv at 0°C and 1 atn — 1 


E — 

Atm 0° 10° 20° 905 40° 60° 80° 100% 19775 108-5 
46 — .562 .684 — — -- — — -- -- 
48 —— .508 — -— --- --- --- — --- —- 
50 ‚176 420 629 731 814 9547 1.077 1.192 1.374 1.652 
52 — ‚240 .598 —- --- — — — — --- 
54 — 229 .561 —- --- — —— — —. —- 
56 —- 227 .524 —- -- --- -— — —- —- 
100 .310 ‚331 ‚360 403 471 ‚668 847 1.005 1.247 1.580 
150 .441 .459 .485 515 ‚551 ‚649 770 924 1.178 1.540 
200 .565 .585 ‚610 638 ‚669 744 838 946 1174 1.537 
300 ‚806 827 852 8/8 908 972 1.048 1133 1.310 1.628 


500 1.256 1.280 1.308 1.337 1.367 1431 1.500 1.578 1721 1.985 
1000 2.289 2.321 2.354 2.387 2.422 2.493 2.566 2.643 2.798 — 


TABLE 249.—RELATIVE VALUES OF pv FOR CARBON DIOXIDE 





Pressure in Relative values of Pv at— 


meters of Se 
mercury 1822C 45,1 40.2 50.0 60.0 70.0 80.0 90.0 100.0°С 
30 liquid 2360 2460 2590 2730) 2870 2995 3120 9225 
50 — 1725 1900 2145 2330 2525 2685 2845 2980 
80 625 750 825 1200 1650 1975 2225 2440 2635 
110 825 930 980 1090 1275 1550 1845 2105 2225 
140 1020 1120 11/5 1250 1360 1525 1715 1950 2160 
170 1210 1310 1360 1430 1520 1645 1780 1975 2135 
200 1405 1500 1550 1615 1705 1810 1930 2075 2215 
230 1590 1690 1730 1800 1890 1990 2090 2210 2340 
260 1770 1870 1920 1985 2070 2166 2265 2375 2490 
290 1950 2060 2100 2170 2260 2340 2440 2550 2655 
320 2135 2240 2280 2360 2440 2525 2620 2725 2830 


Relative values of pv: pv at 0°C and 1 atm — 1 

Atm 0? 10° 20° 30° 40° 60° 80° 100° 137° 198° 258% 
50 BIOS .114 .680 75 ‚750 .984 1.096 1.206 1.380 -- --- 
100 .202 2 |3 ‚229 255 .309 661 823 1.030 1.259 1.582 1.847 
150 .295 .309 .326 „346 29/77. ‚485 681 8/8 1.159 1.530 1.818 
300 .559 .578 .599 1029 ‚649 ‚710 ‚790 890 1.108 1.493 1.820 
500 ‚891 913 ‚938 963 990 1.054 1.124 1.201 1.362 1.678 --- 
1000 1.656 1.685 1.716 1.748 1.780 1.848 1.921 1.999 -- — --- 
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TABLE 250.—COMPRESSIBILITY OF SULFUR DIOXIDE 


Original volume 100000 under one atmosphere of pressure and the temperature °C of the 
experiments as indicated at the top of the different columns. 


Pressure 
in atm 


10 





Corresponding volume for ex- 
periments at temperature— 


1837.2 


555.0 
8560 
6360 
4040 


ПИЛЕ LIU 


9956 


ПТТ A I 


Volume 


10000 
9000 
8000 
7000 
6000 
5000 
4000 
3500 
3000 
2500 
2000 
1500 
1000 

500 


Pressure in atmospheres for ex- 
periments at teniperature— 


p 
SEU 


9.60 
10.40 
1155 
12.30 
1315 


14.00 


14.40 


2976 


9,60 
10.35 
11.85 
13.05 
14.70 
16.70 
20.15 
23.00 
26.40 
30.15 
3520) 
39.60 


08550 


| 
Раиль ФМ 
“сос о 
sesers [I FIII] 
с» © ©? сд Сл С> 





TABLE 251.—COMPRESSIBILITY OF AMMONIA 


"Original volume 100000 under one atmosphere of pressure and the temperature °C of the 
experiments as indicated at the top of the different columns. 





Pressure 


in atm 
10 
12.5 
15 
20 
25 
30 
35 
40 
45 
50 
59 
00) 
70) 
80 
90 

100 
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Corresponding volume for ex- 
periments at temperature— 
ње и i BB URBE E 


46°. 


СА 


ИИИ ТИ 


99°.6 
7035 
6305 


183".6 


———— 


4875 
3835 
3185 
2680 
2345 
2035 
1775 
1590 
1450 
1245 
1125 
1035 

050 


Volume 


10000 
9000 
8000 
7000 
6000 
5000 
4000 
3500 
3000 
2500 
2000 
1500 
1000 


Pressure in atmospheres for experiments 
at temperature— 


30772 
8.85 
9.60 

10.40 

11.05 

11.80 

12.00 


BERN 


46°.6 
9.50 
10.45 
11.50 
13.00 
14.75 


Boss 


12.00 
13.60 
15:95 
18.60 
22 70 
25.40 
29.20 
34.25 
41.45 
49.70 
59.65 


183°.0 


TABLE 252.—COMPRESSIBILITY OF GASES UNDER HIGH PRESSURES*? 267 


Actual volumes rest upon Amagat's doubtful values at 3000kg /cm*. Densities at highest pres- 
sures indicate that the molecules or atoms are very nearly in contact in the sense of the kinetic 
theory. 





Hydrogen Nitrogen 
Vol. change Vol. change Volume at 
cm? g from Volume абоз 68°С 
3000 kg /cm? cm?/g pv Vol. cm*/mol | ,———^— —- У pv 
----”----- = at д ст? / cm3/ аї 
kg/cm? 30°C 65°C 305€ 9652€ буй © 2022 65°C cm?/g mol cm3/g mol 68°С 


3000 00 00 1164 1217 318 2347 2453 .000 00 1.290 36.13 4.68 
ПЕТР ИН ТОЛ ТІО2 5383 21.21 22.24 (089 249 1.201 3561 47552 
5000 1.84 188 990 1029 450-1076 2074: 122 425 1.138 3168 689 
7000 2.77 2.88 БОЛ 929 565 AERIS 231234 656 1056 2957 695 
10000 3.63 3.68 о оосо "8.01 oe mee? oc) walle! 
13000 432 421 252/96. 800 14/0 1605 .57 1000 933 26.13 14.70 


15000 .382 10.70 908 25.43 16.50 
Helium Argon 
Ammonia 
Total Volume at Vol. change 
Vol. vol. 65°C 305326 Vol. change 
change change pv — — -- - at 305€ 
cm3/g 30-952 cm3/ at cm3/ se 
kg/cm? 65°С cm?/g | cm3/g mol 6520 cm?/g  g atom kg /cm? em3/g | cm?/mol 
3000 00 .613 5.54 2216 231 000 .00 И 522^ M 
4000 77 .598 4.77 19.08 2.64 .049 1.96 2000 —217 — 3.70 
5000 |223 .589 4.31 17.24 2.99 .085 3.39 3000 0090 00 
7000 E77 .581 377 1508 3.66 .134 5.34 5000 --200 -- 3.41 
10000 222 2570 В 1728 4.60 .180 7.18 7000 210 5.28 


13000 2.48 9/2 3.06 12.24 oe 209 8.34 10000 .409 6.97 
15000 2.60 570 2.94 11.76 6.11 224. 8.94 12000 ‚461 7.85 


æ% Bridgman, P. W., Proc. Amer. Acad. .Arts and Sci., vol. 59, p. 173, 1924. 


TABLE 253. —GAGE PRESSURE (lb/in.2) TO ATMOSPHERES (ABSOLUTE)* 





Ib/in.? 0 10 20 30 40 50 60 70 80 90 


0 1.00 1.68 2.36 3.04 372 4.40 5.08 5.70 6.44 7212 
100 7.80 8.48 9.17 OS EEEIOS3 22! 118590 1257 1:25 пе 
200 Dorie 15. 29885. 97 _ 10087 33 1501. 16000 1937 20052 2002 
300 2141 2209 2277 2345 2414 2482 2550 2618 2686 27.54 
400 252202500 2958 30220 30.94 31502 320) 32.98 3306. 3545 
500 02-0 36.38 3700 35774 3842 39.1) 39.79 4047 4115 
600 41.83 42.51 43.19 4387 44.55 45.23 45.91 46.59 4727 47.95 
700 4863 4931 49.99 5067 5135 5203 5271 5359 5408 54.76 
800 55.44 5612 5680 57.48 5816 58.84 59.52 60.20 60.88 61.56 
900 62.24 62.92 63.60 64.28 64.96 65.64 66.32 67.00 6768 68.36 

1,000 69.04 69.73 7041 7109 7177 7245 7313 73.81 7449 75417 
1,100 5800 705007721 77/50 7557 7025 79,93 79061 51005 в 
1,200 8265 8334 8401 8470 85.58 8606 8674 8742 8810 88.78 
1,300 89.46 9014 90.82 91.50 92.18 9286 93.54 94.22 94.90 95.58 
1,400 96.27 96.95 9763 9831 98.98 99.67 1003 1010 1017 1024 
1,500 1031 1038 1044 10.18 1058° 1065 182018 1078 710820 1024 
1,600 1099551106 ПІЗ 19 711226 133 1140 илои 116 
1,700 01607 1/74 11800887 119450120.) 12081214 он 1225 
1,800 [235 142 1248 1255: 192241200: 12260 1282-2022 1276 
1,900 190.3- ІП ІЗІ6 1952 ІЗГІ ІШ 35.0 пр 1560 
2,000 137.1 137.8 138.4 1391 1398 1405 14127 1410: 1425 1452 
2,100 1430 1446 1452 1459 1466 1475 1480 1487 1493 150.0 
2,200 150.5 1514 1521 1527 1534 1541 1244155 ИО 1568 
2,300 157.5 1582 1589 1595. 1602 (109 1162.3 2 1630 
2,400 164.3 165.0 165.7 166.3 1670 1677 1684 1691 1698 170.4 
2,500 ШЕ 7187 172.5 Е 1201750. 100 1/72 
2,600 1770 1786 1793 1800 1806 181.3 1820 1827 183.4 1840 
2,700 1847 1854 1861 1868 1874 1881 1888 189.5 1902 1908 
2,800 10] 55601022 19207 ИӘ” 1942 1949 1956 1063 19707771977 
2,900 1983 1990 199.7 2004 2011 2017 2024 2031 2038 2044 


* Taken from Nat. Bur. Standards Circ. 279, 1926. 
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TABLES 254-260.—THERMAL PROPERTIES OF GASES" 


The properties given in Tables 254 and 256-258 are taken from a series of 
tables of thermal properties of gases being compiled at the National Bureau of 
Standards at the suggestion of and with the cooperation of the National Ad- 
visory Committee for Aeronautics. The functions in these tables have been ex- 
pressed in dimensionless form in order that they may be converted readily to 
any system of units. Conversion factors are listed for the most often used 
units. For more extensive data on various gases reference should be made to 


these tables.?? 


* Adapted from NBS-NACA Tables on thermal properties of gases, July 1949, 
* Joseph Hilsenrath, Heat and Power Division, National Bureau of Standards. 


TABLE 254.—PROPERTIES OF MOLECULAR HYDROGEN 
Part 1.—Density, p/po 
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(continued ) 





TURAE .01 atm .l atm 1 atm 10 atm 100 atm TER 
20 .13679 1.3792 36 
50 054671 .54710 55112 59.510 90 
100 027333 27155 2.7338 27.379 258.83 180 
150 018222 18220 1.8211 18,117 168.78 270 
200 013666 13665 1.3657 13.574 127 01 360 
250 .010933 .10932 1.0927 10.863 102.35 450 
300 .0091110 .091100 .91055 9.0575 85.896 540 
350 .0078094 .078086 ./8055 7.7682 74,086 630 
400 0068332 068332 68298 6.8006 65.165 720 
450 0060740 060740 60715 6.0474 58.185 810 
500 0054666 054666 154644 5.4448 52.563 930 
550 0049696 049696 49676 4.9518 47.94] 990 
600 0045555 045555 45541 4.5400 44.070 1080 
having the 
To convert dimensions 
tabulated indicated multiply 
value of to below by 
р/ро р g cm? 8.98854x(10? 
= liter” 89888 
Ib in.” 3.24734 10° 
ПОТЕ" 5,61140Х 107 
Part 2.—Compressibility factor, Z — PV/RT 
TERRE .01 atm .] atm 1 atm 10 atm 100 atm Ы с 
20 9991 9909 36 
50 .9999 .9992 .9919 .9186 90 
100 1.0000 1.0000 .9998 .9983 1.0560 180 
150 1.0000 1.0001 1.0006 1.0058 1.0796 270 
200 1.0000 1.0001 1.0007 1.0068 1.0760 360 
250 1.0000 1.0001 1.0006 1.0065 1.0682 450 
300 1.0000 1.0001 1.0006 1.0059 1.0607 540 
350 1.0000 1.0001 1.0005 1.0053 1.0541 630 
400 1.0000 1.0000 1.0005 1.0048 1.0486 720 
450 1.0000 1.0000 1.0004 1.0044 1.0439 810 
500 1.0000 1.0000 1.0004 1.0040 1.0400 900 
550 1.0000 1.0000 1.0004 1.0036 1.0366 990 
600 1.0000 1.0000 1.0003 1.0034 1.0377 1080 
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TABLE 254.—PROPERTIES OF MOLECULAR HYDROGEN (concluded) 


Part 3.—Values of R for hydrogen for temperatures in °K 


Pressure 

Density atm kg/cm? mmHg Ib/in.? 
g/cm? 40.7027 42.0551 30934.0 598.167 
mole/cm? 2.0567 84.7832 62363.1 1205.91 
mole/liter 0820544 ‚0847809 62.3613 120587 
Ib/ft? .651994 .673658 495.515 9.58171 
ib mole/ft? 1.31442 1.35809 998.959 19.3167 





TABLE 255.—DENSITY OF GASES AND VAPORS ** 


The following table gives the density as the weight in grams of a liter (normal liter) of the 
gas at 02°C, 76 cmHg pressure, also the weight іп Ib/ft®, and standard gravity 930.655 cm/sec’ 
(sea level, 45° latitude), the specific gravity referred to dry, carbon-dioxide-free air, and to pure 
oxygen. Dry, carbon-dioxide-free air is of remarkably uniform density; Guye, Kovacs, and 
Wourtzel found maximum variations in the density of only 7 to 8 parts in 10,000. For highest 
accuracy pure oxygen should be used as the standard gas for specific gravities. Observed densities 
are closely proportional to the molecular weights. 


Weight of normal н ) 
------- Specific gravity 





Molecular liter in ft3 in 

Gas Formula weight grams pounds АЦЕ == 1 Ор==] 
Tucetvlene аса. ....... С.Н, 26.036 1173 -07323 .912 .825 
О: — — 1.2920 „0805 1.000 ‚9047 
Ammonia’: е... NH; 17.032 ‚7598 ‚04742 „5963 .5395 
всп aL А 39.944 1.782 1112 1.3787 1.2482 
Arsene e ое SETS 77.93 3.48 217 2.69 2.434 
Билапе Бо ............ САН.» 58.12 2.673 .1669 2.067 1.870 
Билал... ЕН» 58.12 2.519% 57255 2.085% 1.8868% 
Carbon dioxide ........ CO; 44.01 1.9630 21225 1.5290 1.3834 
Carbon monoxide ...... CO 28.010 1.2492 .0779 .9671 .8750 
Carbon oxysulfide ..... COS 60.076 272 170 2.10 1.90 
Colonne oaa а Cl: 70.914 3.1638 .1974 2.486 2.249 
Chlorine monoxide .... СО 86 914 259 243 3.01 2.721 
Баве. а а СН, 30.068 1.3566 .08469 1.0493 .9493 
ethylene», о. С.Н. 28.052 1.2604 07860 9749 8820 
Ре о... Е, 38.00 1.6954 1058 1.311 1.187 
Helium... eiit He 4.003 .1785 .01114 .1381 .1249 
Hydrogen лана... Hz 2.016 08988 005611 06952 „06290 
Hydrogen bromide ..... HBr 80.924 3 6104 22252 2.8189 2.5503 
Hydrogen chloride .... HCI 36.465 1.6269 .1016 1.2678 1.1471 
Hydrogen iodide ....... HI 127.93 5 7075 .3562 4.480 4.052 
Hydrogen selenide ..... Назе 80.976 3.670 .229 2.839 2.568 
Hydrogen sulfide ...... H-S 34.082 1.5203 .0949 1.190 1.077 
рее КЕ 83.7 3.7365 22332 2 868 2.595 
Methane 22.2. CH, 16.042 ‚7152 04462 5544 ‚5016 
Methyl chloride ....... СНА 50.491 2.3076 .1440 1.7825 1.6125 
Methyl ether .......... (СН.3).О 46.068 2.1098 13171 1.6318 1.4764 
Methyl fluoride ....... CH;F 34.034 1.5452 .09646 1:105] 1.0813 
Mono methylamine .... CHsNHa 31.058 1.396 08715 1.080 9769 
МЕТ а. Ме 20.183 9005 05621 „6963 ‚63004 
МИСС Ое... МО 30.008 1.3388 0836 1.0366 9378 
Nitrogen (chem.) ..... Na 28.016 1.2499 07803 9672 8751 
Nitrogen (atm) ....... — 1.2568 .07846 .9722 .8795 
Nitrosyl chloride ...... NOCI 65.465 2.992 ‚1868 2.314 2.094 
Nitrous oxide ......... М.О 44.016 1.9638 .123255 1.5297 1.3840 
OXY GEM а. О» 32.000 1 4277 08915 1.10527 1.0000 
РһозрАМпе ............ РН, 34.004 1.5294 09548 1.1829 1.0702 
Propane 9 а. СаН» 44.094 2.020 ‚1261 1:562 1.414 
Silicon tetrafluoride ... SiFs 104.06 4.684 .2924 35:623 3.278 
Sulfur dioxide ......... SO; 64.066 2.858 .1784 2.2638 2.0482 
СПК ИТЕРЕ Хе RIS 5.8579 5057 4.525 4.094 





** For reference, see footnote 45, p. 136. 
* At 710 mmHg. 
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270 


190 


200 
210 
220 
230) 
240 


250 
260 
270 
280 
290 


300 
310 
320 
330 
340 


350 
360 
370 
380 
390 


400 


Specific 
heat 


e 
R 





3.5009 
3.4941 
3.4926 
3.4918 


3.4915 
3.4914 
3.4914 
3.4913 
3.4913 


3.4913 
3.4914 
3.4914 
3.4914 
3.4914 


3.4915 
3.4916 
3.4916 
3.4917 
3.4919 


3.4922 
3.4924 
3.4927 
3.4932 
3.4937 


3.4945 
3.4953 
3.4963 
3.4975 
3.4989 


3.5005 
3.5024 
3.5044 
3.5068 
3.5093 


322122 
92152 
3.5186 
3.5224 
325208 


3.5305 


To convert tabulated 
value of 


C/R R 
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°K 
400 
410 
420 
430 
440 


450 
460 
470 
480 
490 


500 
510 
520 
530 
540 


550 
500 
570 
580 
590 


600 
610 
620 
630 
640 


650 


Conversion factors 


Enthalpy Entropy 
(H?-E,?) es 
vie рде А 5 
RT, ЕРЕ 
1226 12.0382 
2518 14.4622 
‚3796 15.8748 
.5075 16.8832 
6353 17.6633 
7631 18.2990 
.8909 18.8367 
1.0188 19.3034 
1.1466 19.7145 
1.2744 20.0824 
1.4022 20.4152 
1.5300 20.7190 
1.6578 20.9984 
1.7856 2112572 
1.9134 21.4980 
2.0413 21.7234 
2.1691 21955! 
2.2969 22.1346 
2.4247 22.3234 
2.5520 22.5026 
2.6804 22.6729 
2.8083 22.8354 
2.9362 22.9907 
3.0641 23.1394 
3.1920 23.2820 
3.3199 23.4191 
3.4479 23.5510 
3.5759 23.6782 
3.7040 23.8009 
3.8321 23.9196 
3.9603 24.0344 
4.0885 24.1456 
4.2169 24.2535 
4.3453 24.3582 
4.4738 24.4600 
4.6024 24.5590 
4.7312 24.6553 
4.8601 24.7492 
4.9891 24.8408 
5.1182 24.9301 
to 
г. 


having the dimensions 
indicated below 


cal mob 5E utor $65) 
сае ЭКСи) 
оше е “^К Ог °С) 


Specific 
heat 
ce 

R 

3.5905 

3.5349 

3.5397 

3.5447 

3.5499 


35505 
2.2013 
3.2073 
3.5735 
35799 


3.5865 
35933 
3.6003 
3.6075 
3.6149 


3.6224 
3.6300 
90077 
3.6456 
250595 


3.6615 
3.6696 
3.6778 
3.6860 
3.6943 


3.7027 
ОЛИ 
3.7195 
3.7279 
3.7363 


3.7447 
3.75] 
3.7614 
3.7698 
3.7782 


3.7865 
3.7947 
3.8030 
3.8112 
3.8194 


3.8275 





Btu (Ib Е (or b 


Btu 1b™ °R (or ° F~!) 


(continued) 


Enthalpy 
(Н”- ЕС) 


ЕТ, 


5.1182 
5.2476 
5:927] 
3.5067 
5.6366 


3.7667 
5.8969 
6.0274 
6.1581 
6.289] 


6.4202 
65517 
6.6833 
6.8153 
6.9475 


7.0799 
7.2127 
7.3456 
7.4790 
7.6126 


7.7465 
7.8807 
8.0152 
8.1500 
8.2851 


8.4205 
8.5562 
8.6922 
8.8285 
8.9651 


9.1021 
9.2393 
9.3768 
9.5147 
9.6528 


9.7913 
9.9301 
10.0692 
10.2085 
10.3482 


10.4882 


multiply 
by 


1.98719 
.0686042 
.287040 

1.98588 
.0685590 


TABLE 256.—THERMAL PROPERTIES OF DRY AIR (IDEAL GAS STATE) 


Entropy 


5% 
R 
24.9301 
25.0173 
25.1026 
25.1859 
25.2675 


25.3473 
25.4255 
25.5022 
290209 
25.6511 


25/25 
25.7946 
25.8644 
25.9330 
26.0005 


26.0669 
26.1323 
26.1966 
26.2599 
26.3223 


26.3838 
26.4444 
26.5041 
26.5630 
26.6211 


26.6785 
26.7351 
26.7910 
26.8461 
26.9006 


26.9544 
27.0076 
27.0601 
27.112) 
27.1634 


27.2142 
27.2644 
27.3141 
27.3037 
27.4118 


27.4599 
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TABLE 256.——THERMAL PROPERTIES OF DRY AIR (IDEAL GAS STATE) 


°K 
800 
850 


950 
1000 


1050 
1100 
1150 
1200 
1250 


1300 
1350 
1400 
1450 
1500 


1550 
1600 
1650 
1700 
1750 


1800 
1850 
1900 


Specific 
heat 
Co 

R 
3.8275 
3.8670 
3.9049 
3.0409 
3.9750 


4.0070 
4.0371 
4.0653 
4.0917 
4.1166 


4.1398 
4.1615 
4.1820 
4.2012 
4.2193 


4.2364 
4.2525 
4.2678 
4.2823 
4.2962 


4.3093 
4.3218 
4.3337 





To convert tabulated 


vaiue o 


(H°—E.°)/RTo 
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(concluded) 





Specific 
heat 
Cr 
°K R 

1900 4.3337 
1950 4.3452 
2000 4.3561 
2050 4.3666 
2100 4.3767 
2150 4.3864 
2200 4.3958 
2250 4.4048 
2300 4,4135 
2350 4.4219 
2400 4,4301 
2450 4.4380 
2500 4.4456 
2550 4.4530 
2600 4.4602 
2650 4.4672 
2700 4,4740 
2750 4.4807 
2800 4.4871 
2850 4.1933 
2900 4.4994 
2950 4,5053 
3000 4.5109 


Conversion factors 


Enthalpy Entropy 
(ЗЕ 0) Е 
КТ, К 
10.4882 27.4599 
11.1924 27.6931 
11.9037 27.9152 
12.6218 28.1273 
13.3463 28.3303 
14.0769 28.5250 
14.8131 28.7121 
15.5547 28.8922 
16.3013 29.0658 
17.0525 29.2333 
17.8082 29.3953 
18.5679 29.5519 
19.3315 29.7036 
20.0988 29.8507 
20.8695 29.9935 
21.6434 30.1321 
22.4203 30.2669 
23.2001 30.3979 
23.9826 30.5255 
24.7678 30.6499 
25.5553 30.7711 
26.3453 30.8893 
27.1375 31.0047 
to 
(H^—E,7) 


having the dimensions 
indicated below 
cal mol 
cal g^ 
joules g^ 
Btu (1b mol)” 
Бр 


Enthalpy 
CEDE SESS) 


RT, 


2451945 
27.9318 
28.7281 
20.5264 
30.3267 


311287 
31.9324 
227379 
33.5449 
34.3536 


3921037 
35.9754 
36.7884 
37.6028 
38.4186 


39.2357 
40.0540 
40.8735 
41.6943 
42.5162 


43.3392 
44.1633 
44.9884 


Епїгору 

SS 

R 
31.0047 
31.1175 
312270 
51-3929 
31.4407 


31.5438 
31.6447 
31.7436 
31.8405 
Sus 


32.0287 
32.1201 
32.2099 
32.2980 
32.2845 


32.4695 
32 299] 
32.0835 
327100 
32.7955 


225407 
32.9507 
33.0264 





multiply 
by 


542.821 
18.7399 
78.4079 

976.437 
33.7098 





2E 


390 
400 


To convert tabulated 
value o 


C / RTFSR 





Specific 
heat 


Cy 
R 





3.5019 
3.5006 
3.5004 
3.5003 


3.5003 
3.5003 
3.5003 
3.5004 
3.5004 


3.5004 
3.5005 
3.5005 
3.5005 
3.5006 


3.5006 
3.5007 
3.5007 
3.5007 
3.5008 


3.5008 
3.5009 
3.5010 
3.5010 
3.5012 


3.5013 
ӘШІР 
3.5017 
3.5021 
3.5025 


3.5030 
3.5036 
3.5044 
3.5054 
3.5065 


3.5078 
3.5094 
3.5111 
Б 
3.5154 


3.5179 


Enthalpy 
(H* -E,) 


RT 


0 


.1246 
E 
.3809 
.5090 


03/2 
7653 
.8934 
1.0216 
1.1497 


1.2779 
1.4060 
1.5342 
1.6623 
1.7905 


1.9186 
2.0468 
2.1749 
23031 
2.4312 


2.5594 
2.6876 
2.8157 
2.9439 
3.0721 


3.2002 
3.3284 
3.4566 
3.5848 
3.7130 


3.8412 
3.9695 
4.0978 
4,2261 
4.3544 


4.4828 
4.6113 
4.7398 
4.8683 
4.9970 


5.1257 
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TABLE 257.—THERMAL PROPERTIES OF MOLECULAR NITROGEN 
(IDEAL GAS STATE) 


Specific 
Entropy heat Enthalpy Entropy 
Со С? В. со 
R °K R RT, R 

400 3.5179 5.1257 24.0598 
11.1440 410 3.5206 5.2546 24.1467 
13.5707 420 33237 5.3835 24.2316 
14.9903 430 3.5270 55126 24.3154 
15.9970 440 3.5306 5.6417 24.3956 
16.7781 450 3.5344 57/11 24.4750 
17.4163 460 3.5386 5.9005 24.5527 
17.9559 470 3 5430 6.0301 24.6289 
18.4233 480 3.5476 6.1599 24.7035 
18.8355 490 3.5526 6.2899 24.7767 
19.2043 500 3.5578 6.4200 24:8486 
19.5380 510 3.5632 6.5504 24.9191 
19.8426 520 3.5688 6.6809 24.9883 
20.1227 530 3.5747 6.8117 25.0563 
20.3822 540 3.5808 6.9427 25.1232 
20.6237 550 3.5871 7.0739 25.1890 
20.8496 560 3.5936 7.2053 25 25357 
21.0619 570 3.6003 7.3370 253175 
21.2619 580 3.6072 7.4689 25.3800 
21.4512 590 3.6142 7.6011 25.4417 
21.6308 600 3.6214 7.7335 25.5025 
21.8016 610 3.6287 7.8662 29.5025 
21.9645 620 3.6362 7.9992 25.6215 
22.1201 630 3.6437 8.1325 25.6798 
22.2691 640 3.6514 8.2660 25.7972 
22.4120 650 3.6591 8.3998 25.7939 
22.5493 660 3.6670 8.5339 25.8498 
22.6815 670 3.6749 8.6683 25.9050 
22.8088 680 3.6829 8.8030 25.9595 
22.9317 690 3.6909 8.9379 26.0133 
23.0505 709 3.6990 9.0732 26.0665 
23.1654 710 3.7071 9.2088 26.1190 
23.2766 720 37152 9,3446 26.1709 
23.3845 730 3.7234 9.4808 20.2222 
23.4891 740 27216 9.6172 26.2729 
23.5908 750 3.7398 9.7540 26.323] 
23.6896 760 3.7480 9.8910 25 2727 
23.7858 770 3.7562 10.0284 26.А217 
23.8795 780 3.7643 10.1660 26.4702 
23.9707 790 3.7725 10.3040 26.5183 
24.0598 800 3.7806 10.4423 26.5658 

Conversion factors 
multiply 
to dimensions indicated below by 

сатпа °K (or C) 1.98719 
calp" K (ог ee) .0709305 
joules g °K (ог °С!) .296774 
Btu (Ib mol) = °R (or °F) 1.98588 
Btu Ib™ °R (or ° F`) .0708837 


(continued) 











TABLE 257.—THERMAL PROPERTIES OF MOLECULAR NITROGEN 273 
(IDEAL GAS STATE) (concluded) 
Specific Specific 
heat Enthalpy Entropy heat Enthalpy Entropy 
зао $ ар = 
ek R RT, R °K R 5 R 
800 3.7806 10.4423 26.5658 2900 4.4460 43.0145 9100327 
850 29207 11.1380 26.7962 2950 4.4503 43.8287 32.0088 
900 3.8596 11.8409 27.0156 3000 4.4545 44.6437 32.0836 
950 3.8970 12.5508 27 2250 3050 4.4585 45.4595 221573 
1000 3.9326 13.2674 27.4261 3100 4.4624 46,2759 32.2298 
1050 3.9664 13.9904 27.6188 3150 4.4663 47.0931 32.3016 
1100 3.9982 14.7193 27.8040 3200 4.4699 47.9109 32-3716 
1150 4.0281 15.4539 27.9824 3250 4.4735 48.7295 32.4409 
1200 4.0562 16.1939 28.1544 3300 4.4770 49.5486 32.5093 
1250 4.0825 16.9388 28.3206 3350 4.4804 50.3684 32.5766 
1300 4.1072 17.6883 28.4812 3400 4.4836 51.1888 32.6430 
1330 4.1303 18.4422 28.6366 3450 4.4868 52.0098 32.7085 
1400 4.1518 19.2002 28.7872 3500 4.4900 52.8314 927701 
1450 4.1720 19.9621 28.0333 3521) 4.4930 53.6535 32.8368 
1500 4.1909 20.7275 29.0751 3600 4.4960 54.4762 32.8996 
1550 4.2086 21.4963 29.2128 3650 4.4988 55.2994 32.9617 
1600 4.2252 22.2682 29.3467 3700 4.5016 56.1232 33.0229 
1650 4.2408 23.0430 29.4769 3750 4.5044 56.9474 33.0834 
1700 4.2554 23.8206 29.6037 3800 4.507] 57.7722 33.1431 
1750 4.2692 24.6008 29.7273 3850 4.5097 58.5974 33.2020 
1800 4.2821 25.3834 29.8477 3900 4.5123 59.4231 33.2602 
1850 4.2043 26.1684 29.9652 3950 4.5148 60.2493 33.317 
1900 4.3057 26.9554 30.0799 4000 4.5173 61.0759 33.3745 
1950 4.3166 27.7446 30.1919 4050 4.5197 61.9030 33.4306 
2000 4.3268 28.5356 30.3013 4100 4.522] 62.7306 33.4861 
2050 4.3365 29.3285 30.4083 4150 4.5245 63.5585 33.5409 
2100 4.3457 30.1232 30.5129 4200 4.5268 64.3868 33.5951 
2150 4.3544 30.9194 30.6152 4250 4.5290 65.2156 33.6487 
2200 4.3627 31.7172 30.7154 4300 4.5312 66.0448 33.7013 
2250 4 5705. : 32.5165 30.8135 4350 4.5334 66.8745 33.7541 
2300 4.3780 33.3172 30.9097 4400 4.5356 67.7045 33.8059 
2350 4.3852 34.1192 31.0039 4450 4,5577 68.5349 33.8572 
2400 4.3920 34.0225 31.0963 4500 4.5398 69.3657 33.9079 
2450 4.3985 35.7270 31.1869 4550 4.5419 70.1968 33.9581 
2500 4.4047 36.5327 31.2759 4600 4.5440 71.0284 34.0077 
2550 4.4106 37.3395 31.3631 4650 4.5460 71.8603 34.0569 
2600 4.4163 38.1473 31.4488 4700 4.5480 72.6927 34.1055 
2650 4.4218 38.9562 31.5330 4750 4.5500 73.5253 34.1536 
2700 4.4270 39.7661 210157 4800 4.5520 74.3583 34.2013 
2750 4.4320 40.5769 31.6970 4850 4.5540 75.1917 34.2484 
2800 4.4360 41.3886 31.7769 4900 4.5559 76.0255 34.2952 
2850 4,4415 42.2011 31.8554 4950 4.5579 76.8497 34.3415 
2900 4.4460 43.0145 31.9327 5000 4.5598 77.6941 34.3873 
Conversion factors 
To convert tabulated multiply 
value of to dimensions indicated below by 
(Н°`—Е.°)/ВТ. са! тог"! 542.821 
cal g` 19.3754 
joules g` 81.0699 
Btu (lb mol)" 976.437 
Btu 1b” 34.8528 
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223 TABLE 258.—THERMAL PROPERTIES OF MOLECULAR OXYGEN 
(IDEAL GAS STATE) 
Specific Specific 
heat Enthalpy Entropy heat Enthalpy Entropy 
OE Res с в) бе 
°K R RT, R °K R RT, R 
400 3.6212 531542 25.7140 
10 3.5424 1222 12.7490 410 321322 5.2869 25.8036 
20 3.5145 25185 15.1937 420 3.6435 5.4201 25.8912 
30 3.5077 .3798 16.5980 430 3.6550 5.5537 25.9771 
40 3.5044 .5031 17.6256 440 3.6668 5.6877 26.0612 
50 3.5029 ‚6364 18.4116 450 3.6787 5.8222 26.1438 
60 3.5023 ‚7646 19.0461 460 3.6907 5.9571 26.2248 
70 3.5019 ‚8928 19.5837 470 3.7029 6.0924 26.3043 
80 3.5016 1.0210 20.0535 480 351] 6.2282 26.3823 
90 3.5015 1.1492 20.4656 490 3.7274 6.3644 26.459] 
100 3.5014 1.2274 20.8348 500 3.7396 6.5011 26.5345 
110 3:5013 1.4056 21.1684 510 3.7520 6.6382 26.6087 
120 3.5013 1.5337 21.4732 520 3.7643 6.7758 26.6817 
130 3.5013 1.6619 21.7534 530 3.7765 6.9138 26.7535 
140 3.5016 1.7901 22.0129 540 3.7887 7525 26.8242 
150 3.5013 1.9183 22.2545 550 3.8008 7912 26.8938 
160 35.5005 2.0464 22.4804 560 3.8129 7.3306 26.9624 
170 3.5017 2.1746 22.6927 570 3.8248 7.4704 27.0300 
180 3.5020 2.3028 22.8929 580 3.8366 7.6106 27.0966 
190 3.5025 2.4310 23.0823 590 3.8483 717513 27.1623 
200 3.5032 2.5593 23.2619 600 3.8599 7.8924 27.22] 
210 3.5042 2.6875 23.4329 610 3.8713 8.0339 27.2910 
220 3.5056 2.8158 23.5959 620 3.8826 8.1758 27.3540 
230 3.5073 2.9442 23.7518 630 3.8937 8.3181 27.4162 
240 3.5095 3.0726 23.9011 640 3.9047 8,4609 27.4776 
250 25122 3.2012 24.0444 650 3.9155 8.6040 27.5383 
260 3.5155 3.3289 24.1822 660 3.9262 8.7476 27.5981 
270 3.5193 3.4586 24.3150 670 3.0367 8.8915 27.6572 
280 3.5238 3.5875 24.4430 680 3.9470 9.0358 272156 
290 3.5288 3.7166 24.5668 690 3.9571 9,1805 27.771 
300 3.5344 3.8459 24.6865 700 3.9672 9.3255 27.8303 
310 3.5407 3.9754 24.8025 710 3.9770 9.4709 27.8867 
320 3.5476 4.1051 24.9150 720 3.9866 9.6167 27.9424 
330 3.5551 4.2351 25.0243 730 3.9961 9.7628 27.9974 
340 3.3031 4.3654 25.1305 740 4.0054 9.9093 28.0519 
350 3.5717 4.4960 25.2340 750 4.0145 10.0561 28.1057 
360 3.5807 4.6269 25.3347 760 4.0235 10.2032 28.1589 
370 3.5902 4.8782 25.4329 770 4.0323 10.3507 28.2116 
380 3.6002 4.8898 25.5288 780 4.0409 10.4985 28.2637 
390 3.6105 5.0218 25.6224 790 4.0494 10.6466 28.3152 
400 3.6212 5.1542 25.7140 800 4.0577 10.7950 28.3662 
Conversion factors 
To convert tabulated multiply 
value of to dimensions indicated below by 
cal mol; K- {on a) 1.98719 
Ci Se calg 2k "(ог (С .0620996 
p RI Joules g^ *K-' (or 9655) .259825 
Btu (ib mol) °R (СЕРЕ) 1.98588 
Btu lb °R™ (ar ТЕ .0620587 


(continued) 


SMITHSONIAN PHYSICAL TABLES 


(IDEAL GAS STATE) (concluded) 


TABLE 258.—THERMAL PROPERTIES OF MOLECULAR OXYGEN 


2/5 


Specific Specific 
eat Enthalpy Entropy heat Enthalpy Entropy 
C (HO ES со C СЕЕ) 69 
a E RT, R К R RT, R 
800 4.0577 10.7950 28.3662 2900 4.7824 45.2601 34.0470 
850 4.0970 11.5414 28.6134 2950 4.7944 46.1366 34.1289 
900 4.1327 12.2946 28.8486 3000 4.8062 47.0152 34.2096 
950 41652 120541 20.0729 3050 4.8177 47.8961 34.2891 
1000 4.1948 13.8193 29.2874 3100 4.8291 48.7790 34.3675 
1050 4.2219 14.5896 29.4027 3150 4.8402 49.6640 34.4449 
1100 42460 152647 29.6897 3200 48512 50.5509 345212 
|150 4.2698 16.1442 29.8790 3250 4.8619 51.4398 34.5965 
1200 4.2912 16.9278 30.0611 3300 4.8724 52.3307 34.6708 
1250 4.3112 177151 30.2367 3350 4.8827 53.2236 34.7442 
1300 4.3300 18.5059 30.4062 3400 4.8929 54.1183 34.8166 
1350 4.3479 19.3002 30.5790 3450 4.9028 55.0148 34.8881 
1400 4.3651 20.0976 30.7284 3500 4.9125 55.9130 34.9587 
1450 4.3815 20.8981 30.8819 3550 4.9220 56.8132 35.0285 
1500 4.3975 21.7016 31.0307 3600 4.9312 57.7150 35.0974 
1550 4.4130 22.5080 ІШ ЕЙ 3650 4.9403 58.6183 35.1654 
1600 4.4282 23.3171 31.3155 3700 4.9491 59.5233 35.2327 
1650 4.4431 24.1290 31.4519 3750 4.90578 60.4301 35.2992 
1700 4.4578 | 24.9437 31.5848 3800 4.0662 61.3384 35.3649 
1750 4.4724 25.7609 31.7142 3850 4.0744 62.2482 35.4299 
1800 4.4868 26.5809 31.8404 3900 4:9825 63.1594 35.494] 
1850 4.5011 27.4036 31.9636 3950 4.9903 64.0721 35.5576 
1900 4.5153 28.2288 32.0838 4000 4.9979 64.9862 35.6204 
1950 4.5295 29.0565 32.2013 4050 5.0054 65.9022 35.6826 
2000 4.5436 29.8860 32.316] 4100 5.0126 66.8193 35.7441 
2050 4.5576 30.7198 32.4285 4150 5.0197 67.7371 35.8049 
2100 4.5715 31.5554 32.5385 4200 5.0265 68.6561 35.8650 
2150 4,5854 32.3935 32.6462 4250 5.0332 69.5765 35.9245 
2200 4.5993 332341 32.7518 4300 5.0397 70.4983 35.9835 
2250 4.6130 34.0771 32.5553 4350 5.0460 — 71.4217 36.0418 
2300 4.6267 34.9227 32.9568 4400 5.0521 72.3461 36.0995 
2350 4.6404 35.7709 33.0565 4450 5.0580 732715 36.1566 
2400 4.6540 36.6217 33.1543 4500 5.0638 74.1976 36.2132 
2450 4.6674 37.4747 33.2504 4550 5.0693 75.1246 36.2691 
2500 4.6808 38.3302 33.3449 4600 5.0746 76.0528 36.3246 
2550 4.6940 39.1882 33.4377 4650 5.0797 76.9827 36.3794 
2600 4.7071 40.0487 33.5289 4700 5.0847 77.9135 36.4338 
2650 4.7200 40.9114 33.6187 4750 5.0896 78.8445 36.4876 
2700 4.7328 41.7765 33.7071 4800 5.0943 79.7760 36.5410 
2750 4.7454 42.6440 33.7940 4850 5.0987 80.7086 36.5938 
2800 4.7579 43.5138 33.8796 4900 5.1028 81.6423 36.6461 
2850 4.7703 44.3858 33.9640 4950 5.1068 82.5770 36.6980 
2900 4.7824 45.2601 34.0470 5000 5.1100: 835122 36.7493 
Conversion factors 
To convert tabulated multiply 
value of to dimensions indicated below by 
H^—E? са! тој“! 542.821 
РТ» cal g^ 16.9632 
joules g 70.9742 
Btu (Ib mol)" 976.437 
Btu Ib” 305137 
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TABLE 259.—CRITICAL TEMPERATURES, PRESSURES, AND DENSITIES 


Critical Critical 
temperature pressure 
Substance (0*C) (kg/cm?) 
Acebvlene ..... 955... Ж 36 62 
v OVI ON ® --140.7 372 
Aloo CHOT.. 243.1 63.1 
Alcohol (CHO) .....; 240.0 78.7 
ее Seres t ex 128 au 
Ноа Os as 132.4 115.5 
Е Е.а. — 122 49.7 
Beazene: .. Ee eus 288.5 47.7 
Bromile ... 9 erst 302 „И 
1$60°Биїапе ............. 134 57 
п-П Шапе .............. 153 36 
Carbon dioxide ......... 31.1 75.5 
Carbon disulfide ....... 273 76 
Carbon monoxide ....... --139 36.2 
e gH NER o MENT 144.0 78.7 
Chignotorm о... 263 E 
Суапореп .............. 128 59 
Е Loose ses 321 48.8 
Ether ода ~ ин 193.8 355 
ЕИБ оа... 187.2 52 
Еее... 9.7 50.9 
Мы... —267.9 2.34 
РЕДОВЕ es. estes --239.9 13.2 
Hydrogen bromide ..... 90 84 
Hydrogen chloride ..... 51.4 84.5 
Hydrogen iodide ....... 151 82 
Hydrogen sulfide ....... 100.4 92 
Јове... от се а 553 ЕР 
КОШ ОП у. Ле ел ње --63? 56? 
IVC he ak Le cra due 1460+20 1640+50 
Metalle cce сл — 82.5 47.4 
Methyl chloride ........ 143.1 65.8 
Меш eco. vs --228.7 26.8 
Мше охе... —94? 65 
Микөреп ......-....... — 147.1 34.7 
Nitrous ох!де .......... 36.5 71.7 
о Е —118.8 51.4 
Phosgene ое 182 56 
о Е ое 95.6 43 
В... 104 64.1 
Silicon hydride ......... —3.5 49.7 
Suliana ЖЕ... У 1040 m 
Sulfur dioxide @e....... 157.2 80.1 
Sulfur trioxide ......... 218.3 86.5 
Мас... E 374.0 224.9 
Е а 16.6 60.2 
** For reference, see footnote 45, p. 136. 
* Plait point. 1 Critical point of contact. 


SMITHSONIAN PHYSICAL TABLES 


OF GASES ** 


Critical 
density 
(g/cm?) 


231 
35% 314 
276% 
272 
235 
531 
304 

118 
46 
311 
573 
516 
АЕ, 
2625 
33 
2159 
0693 
0310 
42 


1.155 
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TABLES 261-26/.—THE JOULE-THOMSON EFFECT ІМ FLUIDS * 


The Joule- Thomson effect is defined as the ratio of the change in tempera- 
ture to the drop in pressure of a fluid driven by the drop in pressure through 
a porous partial blockage in the fluid flow tube. The space between the reading 
thermometers on each side of the porous obstruction is to be isolated as to 
exchange of heat energy but not as to work energy. Nor must the fluid gain a 
significant amount of directed kinetic energy between the thermometers. Under 
dt 
a) ‚ Where h=u—pv= 
enthalpy, and since p is a function of both t and. p, the steps are preferably 
represented as infinitesimals. Since Ap is always negative, & is positive when 
At is negative. For all the gases yet measured, » is zero along a line in the 


these circumstances the Joule-Thomson effect, p= 





tp plane called the inversion line. 


* The material on the Joule-Thomson effect was supplied by J. R. Roebuck, of the Uni- 


versity of Wiscon 


sin. 


TABLE 261.—THE JOULE-THOMSON EFFECT ON AIR (WATER AND CARBON 
DIOXIDE FREE) * 


каз а шаспоцоггапна pP. tin *C, fan atm, «1n Сз. 





p/t 0? 257 50" 799 100° 125? 150° 200° 29508 280? 
пап 276 .2320  .1956  .1614  .1355  .1140  .0961  .0645  .0409 0303 
20 " 2577 2173  .1830  .1508  .1258  .1060  .0883  .0580  .0356 0255 
60 | 2200 1852 1571 1293 1062 00886 0732 0453 0254 0162 
100 ' 1822: 1550 — .1310  .1087  .0884  .0731  .0600  .0343  .0165  .0073 
140 “ 1446 1249 1070 0889 0726 .0599 .0482 0250 0092 --.0008 
180 “ 1007 .0959 0820 0707 0580 00474 0376 0174. 4.0027 —.0058 
220 “ 0795 0697 0609 00536 0444 (0366  .0291 .0116 —.0025 —0111 
p/t —1 50° —140° —120° —100° —75° —50° —25° 0° 

1 atm 1.0755 .7370 5895 4795 3910 3225 12745 

20 “ 1.0240 7155 .5700 4555 .3690 .3010 2580 
40 “ 0710 4600 645 — 5370 4235 3480 2805 2375 
60 “ 0450 1125 5150 .490 3835 3105: 260 2200 
80 “ 0295 .0685 2855 .3900 .330 2830 .2385 2105 
100 ' 0185 0440 155 2.2775 2880 .2505 2130 1820 
ioe +.0045 0265 0940 1955 2325 2165 1905 11620 
140 “ --000 0120 0590 1360 1855 1825 1650 11450 
160 “ --0145 4.0015 0375 .0950 1435 1525 1420 11250 
180 * °—0255 —0115 0200 .0655 1136 1270 1240 1100 
200 “ —.0330 —.0205 +.0080 — 00440 .0855 1065 1090 0950 
220 “ —.0405 —.0290 —.0030 0265 060 0880 0950 0825 


83 Proc. Amer. .\cad. Arts and Sci., vol. 60, p. 535, 1025; vol. 64, p. 287, 1930 (both corrected). 


TABLE 262.—THE JOULE-THOMSON EFFECT ON HELIUM * 





masa function to ¢ (and independent of pressure up to 200 atm), ¢ in °C, w in °C/atm. 


—и x 10? 


С ЕС --их10% ЕС  —pux10? °С --дх102 tC --их102 
300 5.97 150 6.45 50 6.31 -- 50 6.05 --155 5.03 
250 6.29 100 6.38 25 6.24 --100 5.84 --180 4,12 
200 6.41 75 6.35 0 6.16 --140 5.40 3.80 


9! Phys. Rev., vol. 43, p. 60, 1933 (corrected). 
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TABLE 263.—THE JOULE-THOMSON EFFECT ON ARGON 5 279 
u as a function of t and p, t in °C, p in atm, uw in °C/atm. 

t/p 1 айт 20 60 100 140 180 200 

300° 0643 „0607 0530 ‚0445 0370 0370 ‚0276 

250 0980 „0910 ‚0785 „0665 0555 0485 ‚0468 

200 1977 .1280 1102 .0950 .0823 0715 0675 

150 ‚1845 .1720 .1485 .1285 .1123 .0998 0945 

125 .2105 .1980 .1707 .1480 .1300 (1153 1100 

100 2413 2277 1975 1715 .1490 .1320 1255 

75 ‚2695 2557 2285 1993 1710 1505 1415 

50 .3220 .3015 .2650 .2297 .1947 .1700 .1580 

25 72/20 3490 3077 .2628 12213 1860 1745 

0 4307 4080 .3600 ‚3010 ‚2505 2050 1883 

-- 25 .5045 .4805 .4210 .3460 22763 .2140 .1950 

— 50 .5960 5720 .4963 .3970 .2840 .2037 .1860 

— 75 .7100 ‚6895 ‚5910 .4225 .2480 1537 21215 

-- 87.5 .7780 .7610 6450 .3910 .1903 .1027 .0773 

—100 .8605 ‚8485 ‚6900 .2820 E57 .0560 .0395 

—]112.5 .9680 .9560 ‚6530 1240 0515 +.0198 +.0087 

—125 1112 1.102 1250 +.0415 +.0090 --.0100 —.0165 

—137.5 15333 1.342 --.0210 --.0020 --.0203 --.0350 —.0402 

—150 1.812 --.0025 --.0277 --.0403 —.0595 —.0640 
—160 2.385 
—170 3.017 

85 Phys. Rev., vol. 46, p. 785, 1934 (correctcd). 
TABLE 264.—THE JOULE-THOMSON EFFECT IN NITROGEN ** 
# as a function of £t and p, t in ^C, f in atm, & in ?C/atm. 

t/p 1 atm 20 23:5 60 100 140 180 200 
300*C .0140 .0096 0050 —.0013  —.0075 -.0129  —.0160 —.0171 
250 0931 .0256 .0230 +0160 +.0071 +.0009 --0037 --.0058 
200 ‚0558 0472 0430 0372 0262 (0168 +.0094 +.0070 
150 .0868 .0776 .0734 .0628 .0482 .0348 .0248 .0228 
125 .1070 .0973 .0904 .0786 .0621 .0459 .0347 .0326 
100 .1292 ‚1173 ‚1100 0975 0768 ‚0582 0462 ‚0419 

75 1555 142] 21326 1191 0941 0740 .0583 0543 

50 1855 1709 1621 1449 1164 0915 0732 0666 

25 2218 .2060 1961 1729 .1400 1105 .0874 .0779 

0 .2656 .2494 237] 2088 .1679 1316 .1015 .0891 
— 25 .3224 .3013 .2854 .2528 .2001 .1506 .1101 .0932 
— 50 .3968 .3734 .3467 .3059 0332 1676 1120 0909 
-- 75 .5033 .4671 .4318 ТІР 2682 21735 .1026 .0800 
— 87.5 „5710 .5247 .4854 .4096 .2808 .1619 .0933 .0733 
— 100 .6490 „5958 ‚5494 „4506 ‚2754 1373 .0765 .0587 
—112.5 .7430 .6841 .6208 .4923 .2254 „0932 ‚0488 0346 
--125 ‚8557 „7948 ‚7025 4940 .1314 (04098: --.0167 +.0032 
--137.5 9972 9364 .7964 .2364 0638 +.0177 —.0181 —.0175 
— 150 1.2659 1.1246 ‚1704 0601 +.0202  —.0056 —.0211 --.0284 
--160 1.6328 +0724 +.0311 +.0068 | —.0088 --0175 —.0263 —.0315 
--170 2.0048 --.0108 —.0382 
--180 2.3923 


88 Phys. Rev., vol. 48, p. 45, 1935 (corrected). 
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TABLE 265.—THE JOULE-THOMSON EFFECT ON MIXTURES OF HELIUM 


t *C/p 


—100 


— 100 


АМО АКбОМ (а х 10:) " 


м ав а Іипсноп оғ 2 апа р, #!п ^C, p in atm, и іп °С/аїт. 


1 
— 5.83 


S11 
4.47 
3.61 
2.40 
-- .69 
+3.37 


—2.84 
1.67 


70.80 


Mixture No.-1; He 75.8 percent, A 24.2 percent 
2 60 100 140 


0 

--5.95 --6.15 --6.37 --6.56 
5.66 5.90 6.13 6.34 
5.24 5.52 22/7 5.09 
4.61 4.91 5.18 5.45 
276 4.08 4.40 4.68 
2.57 2.92 3.30 3.65 
-- .92 --1.32 --1.75 221 
+2.82 +1.87 + .79 — 14 

Mixture No. 2; He 50.6 percent, A 49.4 percent 
--3.19 --3.65 --4.04 --4.21 
207 271 3.15 3.40 
-- .67 — 1.50 2.01 252 
+1.15 + 11 — .59 — 1.01 
3.66 б 119 4770 
7.20 ESI 4.12 2.96 
12.61 10:27 8.14 6.28 
4-17.79 +14.17 +10.36 

Mixture No. 3; He 33.5 percent, A 66.5 percent 
+ 72 — .38 —1.03 --1.48 
222 70 елу = 
4.41 223 222 4-1.41 
Z0 5.69 4.55 3.63 
11.28 9.40 1.73 6.32 
1718 14.43 12.05 9.88 
25.82 21.93 17.96 13.83 
41.15 34.30 27:20 12:55 

Mixturc No. 4; He 16.6 percent, A 83.4 percent 
5.15 385 2.70 1.90 
7.63 6.05 4.75 3.85 
10.80 8.95 7.45 6.10 
14.50 12.60 10.80 9.05 
20.10 17795 15.35 13.00 
28.49 25.00 215 17.35 
41.80 36.15 30.10 22.90 
66.10 51.00 29.05 19.75 


57 Journ. Chem. Phys., vol. 8, p. 627, 1940. 


180 
--6.77 
6.55 
6.21 
22/2 
5.01 
4.03 
2.66 
— .65 


—4.33 
3.55 
2.56 

E 

NIA 
1.99 
4.53 

--6.90 


--1.68 
— .38 
+ 92 
2.86 
5.41 
7.93 
9.63 
10.07 


1.20 
3.00 
5.20 
7.70 
10.65 
14.50 
17.55 
11.35 


13.05 
15.60 
8.00 


TABLE 266.—THE JOULE-THOMSON EFFECT IN CARBON DIOXIDE * 


& as a function of t and 7, t in °C, p in atm, и т °С/айт. 


t/p 
300 
250 
200 
150 
125 


—75 





1 atm 


‚2650 
„3075 
3770 
4890 
‚5600 
‚6490 
‚6900 
.7350 
./855 
.8375 
.8950 
9575 
1.0265 
1.1050 
1.1910 
1.2900 
1.6500 
2.4130 


20 


‚2425 
.2885 


8325 
8950 
.9655 
1.0430 
121599 
1.2520 
1.4020 
0000 
—.0140 
--.0200 


60 


73 


‚2080 2002 
(2025 2565 
.3400 UPS 
.4430 .4380 
‚5160 ‚5068 
6089 ‚5920 
6509 6309 
6955 6725 
.7465 21/5 
„8060 0/3 
8800 8225 
9705 ‚8/69 
1.0835 .2870 
.1435 .1075 
.0720 .0578 
.0370 .0310 
—.0028 --.0039 
—.0150 —.0165 
—.0200 —.0232 


$$ Journ. Amer. Chem. Soc., vol. 64, p. 400, 1942. 
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100 


1872 
‚2420 
„3150 
4155 
4750 
‚5405 
‚5680 
‚5973 
‚6192 
‚6250 
‚5570 
.2620 
1215 
.0700 
.0407 
.0215 


0050 
0160 
0228 


140 


.1700 
2235 
‚2890 
‚3760 
4130 
‚4320 
4290 
4050 
‚2505 
.2625 
T720 
1075 
.0678 
.0420 
0235 
0115 
--.0062 
--.0183 
--.0240 


180 
1540 
‚2045 
‚2600 
.3102 
.3230 
.3000 
.2738 
‚2343 
1875 
‚1405 
4025 
0723 
.0495 
.0320 
018? 
.0085 

—.0080 
—.0228 
--.0250 


200 
„1505 
‚1975 
‚2455 
‚2910 
20105 
2555 


‚1960 
‚1600 
1245 
.0930 
0660 
0445 
0272 
0142 
.0045 
—.0115 
—.0248 
—.0290 
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TABLE 267.—THE JOULE-THOMSON EFFECT IN MIXTURES OF HELIUM 
AND NITROGEN (, x 10°) © 


С/Р 


250 
200 
150 
100 

50 


-- 50 
--100 
--125 


250 
200 
150 
100 

50 


— 50 
— 87.5 


250 

200 

150 

100 

50 

0 

-- 50 
— 87.5 


250 

200 

150 

100 

50 

0 

— 50 
— 87.5 


89 Journ. Amer. Chem. Soc., vol. 60, p. 341, 1938 (corrected). 


u as a function of ¢ and p, tin °C, p in atm, & in ?C/atm. 


1 atm 


—6.95 
6.52 
6.03 
5.44 
4.67 
3.62 

—1.98 

001 
3.61 


—4.98 
3.80 
2.43 

83 
+1.25 
4.06 
8.28 
13.44 


—2.34 
.96 

+ 81 
3.07 
6.20 
10.62 
18.00 
2/53 


+ .27 
2.29 


4.54 
7.57 
1177 
17.97 
28.52 
42.02 


20 60 100 140 
Mixture No. 1; He 75.5 percent; №, 24.5 регсепі 
--6.90 --6.84 --6.83 --6.80 
6.51 6.53 6.53 6.53 
6.10 6.20 0.21 6.22 
5.58 5.76 5.83 5.85 
4.54 5.18 5.28 5.36 
3.79 4.22 4.46 4.61 
--2.19 272 3.13 995 
+ .52 -- .33 —1.13 —1.96 
272 +1.45 + .23 1.02 
Mixture No. 2; He 51.0 percent; Ns 49.0 percent 
--4.93 --5.06 --5.06 --5.08 
3,84 4.14 4.39 4,58 
2.60 3.10 3.54 3.88 
1.07 1.74 2.40 2:95 
+ .89 + .06 ‚86 1.63 
3.50 2.50 4-1.22 + 4 
7.42 5.96 4.00 2:99 
11.83 9.37 6.75 4.78 
Mixture No. 3; He 33.2 percent; N; 66.8 percent 
—2.51 —3.12 —3.69 — 3.93 
[727 1.92 2.65 2.94 
+ .38 39 1.28 105 
2.59 +1.52 + 51 ‚20 
5.49 4.10 2:52 --1.80 
9.66 7.60 5.99 4.34 
16.31 12.91 10.22 7.68 
24.74 19,14 14,78 10.80 
Mixture No. 4; He 16.6 percent; ЇМ„ 83.4 percent 
EE NEC “ІІ 205 
+1.78 + .78 .06 2 
4.03 2.76 +1.61 + .78 
6.86 5.32 4.00 2.78 
10.88 8.87 7.11 538 
16:77 14.04 11.30 8.59 
26.18 21.46 16.80 12.56 
37.86 28.95 21.75 15.89 
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—6.77 
6:52 
6.28 
5.90 
5.47 
4.81 
3-00 

—2.69 
1.89 


+5.20 


—2.26 


1.78 
3.89 
6.29 
9.47 
12.10 


10.26 


282 
Ethyl alcohol 
P C.H,O 
atm 20°С 80°С 
1 1.0212 1.0934 
500 .9782 1.0319 
1000 .9479 .9922 
2000 2.9059 .9380 
3000  .8760 .9025 
4000 .8517 .8756 
6000  .8149 .8354 
8000 .7888 .8061 
10,000 .7671 .7830 
12,000 .7485 .7648 
Phosphorus tri- 
P chloride PCla 
atm 20°С 80°С 
1 1.0234 1.1032 
500 .9852 1.0443 
1000 .9577 1.0040 
2000 .9184 .9531 
3000 .8902 .9192 
4000 .8679 .8933 
6000 .8348 .8561 
8000 .8105 .8292 
10,000 .7902 .8077 
12000 .7741 .7898 
Substance Temp °C 
Benzene ...... 17 
20 
20 
Chloroform ... 20 
20 
Glycerine ..... 15 
Kerosene ..... 20 
20 
20 
Mercury ..... 20 
22 


TABLE 268.—COMPRESSIBILITY OF LIQUIDS * 


TABLES 268-280. ——COM PRESSIBILIT Y 


Part 1.—Relative volumes 


Isobutyl alcohol 


«Но Ether (CoHs)20 3H4 
20°С 80°С 206 80°С 20°С 80°С 
1.0195 1.0880 1.0315 -- 1.0173 1.0865 
9740 1.0262 .9668, 1.0369 .9770 1.0305 
(04/0 .9983 .9337 .9874 .9483 .9913 
9078 .9385  .8850 .9189  .9124 .9424 
8798 .9052  .8503 .8776  .8876 .9120 
(8575 8802 .8246 .8481 .8677 ..8893 
.8242 .8433  .7883 .8070  .8365 .8548 
8001 .8181 .7613 .7779 .8138 .8301 
.7802 .7976 .7380 .7535 .7958 .8114 
7637 .7799 2.7178 .7326 2.7814 .7952 
Methyl! alcohol Ethyl chloride Carbon disulfide 
CH3 „Нь CS: 
205250 80°C 20°C 80°C 20°C 80°C 
1.0238 1.1005 — — 1.0235 1.1092 
9811 1.0400 .9696 1.0358 .9854 1.0458 
(9494 .9993 .9253 .9797 .9567 1.0061 
2064 .9429 .8749 .9128 .9151 .9525 
8763 .9065 .8415 .8715 .8852 .9154 
(8523 .8782 .8167 .842 .8620 .8870 
8163 .8381 .7796 .8008 .8265 .8468 
7907 .8102 .7533 .7728 .7990 .8188 
4696 .7875 2.7320 .7501 .7774 .7962 
7527 .7709 .71148 .7301 .7609 .7758 
Рагі 2.--8 -- (1/Ро)(ар/аРру 
Compres- 
sibility 
per 
Pressure mega- 
mega- baryes 
baryes Bx108 Substance 
5 89 Mercury Semmes... 
200 77 
400 57 Oils: almond .... 
200 83 castot ..... 
400 70 linseed ..... 
9 22 olive ....... 
500 55 rapeseed ... 
1,000 45 Toluene о ен 
12,000 8 
300 3.95 Turpentine 2222 
500 3.97 


n-Proply alcohol 


Amy! alcohol 


Ethyl iodide 


C;H44,0H ЭН 
20°С 80°С 20°С 80°С 
10181 1.0814 1.0214 1.0935 
9788 1.0288 19774 1,0351 
95]1 .9915  .9475 9946 
9138 .9427  .9070 .9397 
8869 .9110 .8777 .9034 
.8658 .8877 .8555 .8760 
8348 .8531 .8207 .5381 
18116 .8273 .7937 .8099 
4918 .8060  .7725 .7877 
4754 .7902 4554 .7706 
Ethyl hromide Acetone 

2Н5Вг (CH3): CO 
20°C 80°C 20°C 80°C 
ioa -o 

д — 5 2 
9460 .9988 19526 1.0082 
9022 9381 9076 .9467 
8714 9020 8748 9073 
8470 8742 8504 8786 
8131 8339 8143 8370 
.7868 .8056 .7866 .8066 
1656 .7825 freezes .7821 
7495 .7648 B 7617 

Compres- 
sibility 
per 
Pressure mega- 
mega- baryes 
Temp ?C Багуеѕ Вх106 

22 1,000 3,91 
22 12,000 2:22 
m 5 53 
МР 5 46 
5 5 51 
MIS 5 55 
20 — 59 
20 200 74 
20 400 64 
2. 20 -- 74 


% Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 47, p. 345, 1911; vol. 48, p. 309, 1912; vol. 


49, р. 3, 1913. 
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TABLE 269. —RELATIVE VOLUMES OF TABLE 270.—RELATIVE VOL- 
WATER FOR DIFFERENT UMES OF ETHER FOR DIF- 
PRESSURES”! FERENT PRESSURES”! 
Temperatures Temperatures 
Pressure — SS Pressure ——— — 
kg/cm? ovo SENS 95°С kg/cm? 3076 ӘРЕ 
0 1.0000 0 1.0495 
500 9771 500 ‚9761 
1,000 ‚9567 9741 0984 1,000 ‚9364 
1,500 9396 „9582 9812 1,500 9085 
2,000 .9248 .9439 .9661 2,000 ‚8858 
3,000 ‚8906 ‚9201 0409 2,500 ‚8671 ‚8909 
4,000 8795 8997 9194 3,000 ‚8511 .8726 
5,000 ‚8626 ‚8824 .9009 4,000 .8255 .8446 
6,000 .8668 .8849 5,000 ‚8055 .8225 
7,000 8530 .8705 6,000 .7888 .8038 
8,000 .8407 .8577 7,000 7742 ‚7884 
9,000 ‚8296 ‚8461 8,000 .7616 4747 
10,000 .8192 .8352 9,000 .7504 .7629 
11,000 ‚8256 10,000 ‚7399 2910 
11,000 7305 ‚7418 
12,000 7225 .7329 





®1 Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 66, p. 219, 1931. 


TABLE 271.—COMPRESSIBILITY OF SOLIDS 


If V is the volume of the material under a pressure P megabaryes and Vo is the volume 
at atmospheric pressure, then the compressibility 8 = —(1/Vo) (dV/dP). Its unit is 
cm’/megadynes (reciprocal megabaryes). 10°/8 is the bulk modulus in absolute units 
(dynes/cm?). The following values of 8, arranged in order of increasing compressibility, 
as а P —0 and room temperature. 1l megabarye — 10^ dynes/cm? — 1.020 kg/cm? — 
.987 atm. 


Compression Compression 
per unit Bulk per unit Bulk 
vol. per modulus, vol. per modulus, 
megabarye dynes/ megabarye дупеѕ / 
Substance x 109 cm? x 1012 Substance x 108 cm? x 1012 

Tungsten 2.2... 27 27 С 67 2.09 .48 
КОРОП т. х E 3.0 Cadmium 22. 217 46 
ПЕК И ка 112 3.1 Platesglass .2...... 2:23 45 
Р ИШАА s зы: 38 2.6 | a eee 2.27 .44 
ЕКЕ еса. 43 23 па ита 2222... 23 43 
Molybdenum ....... 46 22 ОУ сло. о. 2.4 .42 
а. о 252 1.9 Опат. Е Z7 137 
Palladiumi m. seei .54 1.9 Magnesium ee 2.9 34 
ОНАН Ая 59 1.82 Bismuth -nE 30 .33 
ое о... .56 1.79 Коларе 2222222... 3.0 433 
о о eo es ‚60 1.67 Silica glass 2... 3.1 22 
ОЗС РИ .60 1.67 ЕО ль, 4.5 22 
БЕ e. liia se yi 1.4 ale оа 5.7 ‚175 
Copper 2... 73 В О е 8.4 120 
Manganese ........ .84 1.19 Phosphorus (red) .. 92 .109 
Brass 22.2 .89 1.12 Selemitim <s. 000... 12.0 ‚083 
Chromiur e e. eos 9 1.12 [wu o. DM OU 120 083 
SHIVER эш њи: 99 1.01 SUB з... es 12.9 .078 
Mg. silicate, crys... 1.03 .91 Биле. ER 13.0 .077 
Mg silicate... 1-2] ‚82 БООН. м... А 15.6 ‚064 
Aluminum ee 1.33 75 Наг И тиЬрег О... 19.4 
Са omm lo m 1.39 72 Phosphorus (white). 20.5 .049 
nce conos 1.89 .53 
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TABLE 272.—COMPRESSIBILITY AND THERMAL EXPANSION OF 


PETROLEUM OILS” 


It was found that the compressibility and thermal expansion of two samples of the same 
specific gravity, but from different sources, differed more than 30 percent at the higher 
temperatures, whereas oils of the same specific gravity and the same viscosity had the same 
compressibility and thermal expansion within rather narrow limits. In other words, with a 
knowledge of the specific gravity and viscosity of the oils, it was possible to represent all 
the measured volumes within less than .5 percent over the entire range of temperature 
and pressure covered by the measurements. 


Kinematic 
viscosity 
100°F, cgs 


.020 


210° F, cgs 


.100 


ә2 Јеѕѕир, К. S., Nat. Bur. Standards Journ. Res., vol. 5, p. 985, 1930. 
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Specific 
gravity Pressure 
60°/60°F kg/cm? 


.80 0 
“ 50 
85 0 
“ 50 
0 0 
4 50 
80 0 
íí 50 
85 0 
“ 50 
.90 0 
3 50 
.85 0 
“ 50 
95 0 
a 50 
85 0 
“ 50 
95 0 
5 50 
85 0 
“ 50 
„95 0 
р 50 
85 0 
“ 50 
95 0 
“ 50 
.85 0 
“ 50 
05 0 
B 50 
60°/60°F kg/cm? 

90 0 
“ 50 
05 0 
“ 50 
1.00 0 
“ 50 
.90 0 
“ 50 
1.00 0 
“ 50 
0 0 
“ 50 
1.00 0 
“ 50 
.90 0 
“ 50 
1.00 0 
“ 50 


1.000 
998 


1.000 
.998 
1.000 
.998 


1.000 
1705 
1.000 
.998 


1.000 
.998 
1.000 
.998 


20° 
1.018 
1.014 
1.017 
1.014 
1.017 
1.013 


1-017 
1-013 
1.016 
1.013 
1.016 
1.012 


1.016 
1.012 
1.015 
1:012 


1.015 
ІШІ2 
1.014 
1.012 


1.015 
1012 
1.014 
1.01] 


1.014 
1.011 
1.014 
1.011 


1.014 
1.011 
1013 
1.011 


20° 
1.014 
1.011 
1.014 
1.011 
1.014 
1.011 


1.014 
1.011 
LOIS 
1.011 


1.013 
1011 
РОТЕ 
1.010 


1.013 
1.010 
1.012 
1.010 


50° 
1.045 
1.041 
1 044 
1.040 
1.043 
1.038 


1.043 
1.038 
1.041 
1.037 
1.040 
1.036 


1.040 
1.036 
1.038 
1.034 


1.038 
1.034 
1.036 
1.033 


1.037 
1.034 
1.035 
1022 


1.036 
1.033 
1.035 
1.032 


1.035 
1.052 
1.034 
1.031 


50s 
1.036 
1.032 
1.035 
1:052 
1.034 
1.031 


1:055 
1.031 
1.033 
1.030 


1.034 
1.031 
1.032 
1:029 


1.033 
1.030 
1.031 
1.028 


100° 
1.096 
1.089 
1.093 
1.086 
1.090 
1.084 


1.089 
1.083 
1.087 
1.081 
1.084 
1.078 


1.083 
1.078 
1.079 
1.074 


1.078 
1:073 
1.074 
1.070 


1.076 
1.071 
1.073 
1.068 


1.075 
1.070 
1.071 
1.067 


1.073 
1.068 
1.069 
1.065 


100° 
1.074 
1.070 
1.071 
1.067 
1.070 
1.066 


1.072 
1.067 
1.067 
1.064 


1.070 
1.066 
1.066 
1.063 


1.068 
1.065 
1.063 
1.060 


Relative volumes 


200% 


1.222 
1.205 
1.215 
1.197 
1.204 
1.191 


1.202 
1.189 
1.194 
1.182 
1.188 
1.176 


1.185 
1.174 
1.174 
1.164 


1.170 
1.161 
1.161 
1.152 


1.165 
15157 
1.157 
1.149 


300° 


1.422 
1-520 
1.396 
1.352 
1:375 
1.337 


1.369 
15333 
1.349 
1.318 
ГІЗІ 
1.304 


1.325 
1.299 
1.297 
1.276 


1.289 
1.269 
1.269 
232 


1.279 
1.260 
1.261 
1.244 


1.270 
1.255 
1.254 
1:259 


1.261 
1.245 
1.244 
1.229 


300° 
1.269 
1.292 
1256 
1.241 
1.247 
1,232 


1.258 
1.241 
1237 
12220 


1.248 
1.234 
1.228 
1.214 


1.241 
12225 
1.218 
1.205 
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—AV/V,zaP — bP?, where P is in bars (10* dyne/cm?) and Vo is the volume at 1 atm 
Pressure range, 1 — 12,000 bars unless otherwise noted. 
a = Bo = initial compressibility. Sce also Table 271. 


and 30°C (or room temp.). 


Element 
И... 
POSE MNCs cay a ede es, ene 
БЕРУІҢ ике r - 
СТОЕВ аты eee es 
а A 
ОШТО СТУ 
Carbon (diamond) (25°C) ... 
Carbon (graphite) (20°C) ... 
Cerium (below 4000 bars) ... 
ЕОНИ ....-_......-..-+... 
Бора ама пе или он RUE 
ро 
ера .22.............. 
ИНТ... 
ое у: 
Iodine (20°C to 500 bars).... 
IMMER rr rec оо 
ТОТ сала ата Баба 
а От. 
Magnesium о. 
Manganese m 245503 665 as os sae 
MIG DCEMU es e.a осеке 
БЕГЕШ Те ЕН... RU 
ОО оаа... 
Palladium soc Cre 
ВЕ... 
КЕЕ е О... 
Е О ers 
Silicon (20°C to 500 bars).... 
а, 
Tantalu m к ы. ы. 
На... 
"DESIDIA suce seas rus 
ТТ a TER TIT 
ДЕЕ СПЕ Е А. 
апа е o over НЕ 
О ооо E 


ОНИ 20 АИ ак... а 
ПОО ОСО Е. е 


Element 

О РУО 
ое 
ЛОН с. 
аск eee 
Mercure паа) о. 
ба ит solid )- sess 
a ces es 


*—AV/Vo. 
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50°C 
bx 102 ах 107 
4.9 13.98 
22 8,06 
22 30.44 
--169 45.88 
9 5.37 
8 5.54 
1.6 7.44 
4.8 14.63 
2.0 527 
1.1 8.94 
0 2.82 
83 6.007 
13.9 95:05 
27.5 30:02 
4.2 8.20 
— 3 3.64 
9 5.41 
9 5.85 
9 5727 
29 3.67 
1/5 3.73 
1.7 2:51 
9:7 10.20 
—].1 4.98 
- 37.4 
12.0 18.78 
EI 8.81 
E] 3.20 
1:35 6.20 
8.6 —— 
6.3 11.24 
22 — 
6.5 — 
Pressure, kg/cm? 
4000 8000 
(0190% 0342+ 
10189 0344 
0095 0158 
0095 0158 
.01485* .02754* 
о S 20W 108 
Во = 40 Хх 10: 


755 


Ьх 1012 
4.9 


2) 


UN 
= o 5 o © 


— 


| ы 
. . . . ” . . WROD, е 
Міл о боло бо о оъ боо 


| | — 
оі 


= 
а 
бо бо бо бл 


к. 
сл 


= 
со 


12,000 
.0469* 
.0476 
.0205 
.0209 
105799" 
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TABLE 274.—VARIATION (AV/V,) OF THE VOLUME OF A NUMBER OF METALS 
WITH PRESSURE * 
E 
E E 
Е Е Е Е в E Е в 

ыз Е Е 5 5 5 Е "Я 5 E E E = 

zi = Ф = Е = Re c Е a E o = ‚з 

2,9 = 5 Ф = 5 = с Е © С = $ "d с 
ou = = 5 5 E e g о Е © Е = s © с 
Е 52 = 5 о = Ф Ф = ‚В Ф = e Ф Б © = 
Ay - un е 24 5 с E N с N = pO В. = > 
2,500 .0204 .0334 .0677 .0696 .0999 .0024 .0027 .0040 .0040 .0026 .0100 .0109 .0090 .0078 .0024 
5,000 .0389 .0624 .1152 .1224 .1585 .0047 .0052 .0079 .0078 .0054 .0194 .0234 .0174 .0152 .0048 
10,000 .0715 .1115 .1862 .1982 .2392 .0094 .0099 .0154 .0152 .0111 .0370 .0549 .0329 .0289 .0095 
15,0000 1005 .1511 .2374 ,2506 .2981 0139 (0142 70225 (0213 ,0168 0526 1655 0121801608132 
20,000 .1261 .1836 .2772 .2920 .3442 .0181 .0185 .0293 .0268 .0220 .0665 .1864 .0604 .0536 .0181 
25,000 .1485 .2111 .3093 .3254 .3908* .0219 .0224 .0358 .0323 .0267 .0827t .2027 .0729 .0650 .0219 
30,000 .1689 .2350 .3360 .3530 .4261 .0256 .0261 .0420 .0375 .0312 .0952 .2154 .0848 .0757 .0255 
35,000 .1872 .2559 .3584 .3760 .4559 .0294 .0297 .0480 .0426 .0356 .1072 .2257 .0961 .0858 .0290 
40,000 .2040 .2740 .3774 .3954 .4816 .0329 .0332 .0537 .0476 .0399 .1189 .2342 .1069 .0955 .0324 

93 Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 76, p. 75, 1948. 


* Transition at 23,300. Compressions .3716 and .5776. + Transition at 23,370. Compressions .0755 and 
.0781. t Transition at 12,430. Compressions .0736 and .1504. 


TABLE 275.—VARIATION OF THE VOLUME (AV/V,) FOR A NUMBER OF COM- 
POUNDS WITH PRESSURE FOR TWO TEMPERATURES *? 





NH,Cl МН.Вг ХН, AgCl AgBr AgI 
Pres- cm3/1.536 g cm3/2.548 g cm3/2.887 g cm?/ 5.589 g cm?/6.548 g cm3/5.709 g 
m 20°С —78.8°С 20°С —78.8°С 20°C —78.8°C 20°С —78.8°С 20°C —78.8°C 20°C —78.8°C 
5,000 .0269 .0217 .0257 .0244 4.0316 0321 .0113 .0107 .01 .0103 1769" 1753 
10,000 .0489 .0395 .0487 .0462 .0590 .0582 .0216 .0207 0215 .0202 .1896 .1868 
15,000 .0668 .0545  .0694 .0656  .0822 0804 .0312 .0301  .0313 .0297 .2001 .1969 
20,000 .0818 .0675  .0880 .0829  .1019 .0989  .0401 .0389  .0404 .0386  .2095 .2061 
25,000 .0949 .0794  .1049 .0984  .1188 .1144  .0484 .0471  .0496 .0476  .2180 .2145 
30,000 .1070 .0906 .1203 .1124  .1332 .1279  .0562 .0549 .0584 0562 .2257 .2222 
35000 .1176 .1010  .1340 .1250 1456 1397 2.0624 (621 .0665 0641 .2326 .2291 
40,000 1278 111 .1465 .1364 1570 1504  .0704 .0690  .0743 .0716 .2396 2362 
45000 1372 1207 1576 1466 1676 1608 2.0772 .0755 .0818 .0789 .2462 .2428 
50,000 1462 1301 .676 1557 1775 .1702 0838 0818 0890 0858 22525 .2490 
NaCl NaBr Nal КС! КВг КІ 
Pres- cm9/2.163 g cm3/3.205 g cm?/3.667 g cm?/1.988 g cm3/2.75 g cm3/3.123 g 
r 
Ke Gas 20° —78.8°C 20° —78.8°C 20° —78.8°C “20% --78.89 С 20° —78.8°C 20° —78.8°С 
5,000 .0192 .0177  .0228 .0216  .0296 .0290  .0257 .0241  .0295 .0272 .0351 .0335 
10,000 .0365 .0341  .0430 .0413 .0553 .0547  .0478 .0452  .0547 .0511 .0648 .0623 
15,000 .0523 .0494  .0610 .0594  .0778 .0772  .0667 .0645  .0758 .0720  .0905 .0868 
20,000 .0664 .0634  .0771 .0756  .0974 .0966  .0841 .0807  .1989 .1933 .1970 1932 
25,000 .0798 .0763  .0916 .0904 .1145 .1139 2111 .2055  .2138 .2078 .2149 .2105 
30,000 .0919 .0880  .1047 .1037  .1294 .1288  .2225 .2158  .2267 .2202  .2296 .2244 
35,000 .1029 .0987  .1166 .1157  .1424 .1421  .2324 .2255  .2379 .2308 .2421 .2363 
40,000 .1130 1084 1274 1263 .1538 .1538  .2419 .2340  .2479 .2399  .2532 .2466 
45,000 .1223 .1172 1373 .1357  .1638 .1642  .2501 .2418  .2560 .2481  .2629 .2554 
50,000 .1309 .1250 .1464 .1439  .1728 .1738  .2579 .2497 2650 .2552 22715 .2630 
Transitions 
Pressure: 20,060 20,590 18,430 19,400 18,200 19,010 
AV: 133 .1120 .1052 .1044  .0850 .0872 





?* Bridgman, P. W., Proc. Amer. Acad. Arts and Sci, vol. 74, October 1940. 
* Transition below this point. 
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TABLE 276.—COMPRESSIBILITY OF CRYSTALS ** 207 

Part 1.— —AV/V, = аР — bP? where P is in bars (10? dyne/cm?) and V, is the volume 

at 1 atm and 30°C (or room temp.) 
Pressure range, 1-12,000 bars 
0°C 30°C 75°С 

Crystal and formulae System ах 101 ах 107 Ьх 1012 ах107 bx 1012 
Andradite: 

ПАО“ не р 3510,; .. 5.4 Cubic — 6.73 : 6.70 .86 
Apatite: 3Ca;P;O,: CaF, .. Hexagonal — 10.91 4.1 11.09 3.8 
ЕЕ. Cubic 30 — — 25.1 335 
те Ва50О, ........... Orthorhombic 17.1-18.1 17.60 11.9 17.92 12.6 
Beryl: 3BeO:Al203°65102. Hexagonal 57 5.403 l 5.407 .94 
аспе сас Оз ои Trigonal 13.5 13.67 3.9 13.93 4.2 
Gobaltite:900As*S ....... Cubic — 7.67 1.88 7.79 1.88 
Есе: Сав. с сен ке Hexagonal 12.6 12.26 6.49 12.59 6.61 
Galena: PDS 22222222... Cubic 19.5-19.7 18.69 7.43 18.97 8.41 
Garnet (pyrope): 

3МгО-А1Оз;351О, .... Сиыс — 5.45 55i 91 
Halite (Rock Salt): NaCl. Cubic -- 42.60 51 44.26 52.6 
Hanksite : 

КСІ-2Ха:СОз:О9Хаз5 О, . Hexagonal = 24.57 24.5 25.54 26.7 
Еее ее Monoclinic — 9.088 3.94 9,551 5.56 
Lithium fluoride: LiF ..... Cubic — 15.20 55 15.91 S 
Lithium iodide: LiI ....... Cubic --- 60.0 110. == — 
Міаспе йе: ЕөС E... Cubic 5.4-5.7 5.47 ; 5.45 ‚82 
Orthoclase: KAI*SiOs ... Monoclinic — 21.23 14.5 21.16 13.9 
crease Иво... Cubic 22 5.98 1 6.06 1 
Potassium bromide: KBr . Cubic — 67.0 105.3 68.8 105.2 
Potassium fluoride: KF ... Cubic — 33.0 31.9 332 31.9 
Potassium iodide: KI .... Cubic -- 85.3 155.4 87.7 155.4 
Бен Coane. cs «eee wa Cubic ЛАП 6.80 Е 6.82 87 
au О а. с... Trigonal = 27.06 24.0 27.54 24.7 
Rochelle salt (see end of part 1) 

Sapphire (synthetic) : ALO; 3.8 3.36 -- = e: 
БӨНШЕГРІР 522222. Cubic 12.9-12.2 13.03 122 12.79 1.26 
Spodumene: LiAI-Si.0. ... Monoclinic —- 7.033 1.4 7.073 2.28 
ССС СО. . Cubic — 56.2 75.1 57.5 251 
Tourmaline (black) ...... Trigonal —- 8.16 1.9 8.62 2.15 
а... --- 6.109 1.0 6.075 1.06 
ZIPCOhZrOb* S10. ....... 8.6 —- — — — 
т ж an 
Rochelle зай: С.Н.О.КМа: 
2000 .01080 
4000 .02016 
6000 .02885 
8000 .03716 
10,000 04501 
12,000 05237 


** For reference, see footnote 45, p. 136. 
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(continued) 


298 TABLE 276.—COMPRESSIBILITY OF CRYSTALS (concluded) 
Part 2.—Elastic constants of rocks at ordinary pressure and temperature. 


Е = Young's modulus, in dynes cm? _ 
G = Modulus of rigidity, in dynes cm™ 
ø = Poisson's ratio, dimensionless 


The density is given, when known, in parentheses in the first column. 
‚ы _. —— —— та Eee = 


Stress or 


stress 
range 
Rock dynes cm-? dynes cm-? c kg cm-? 
Granite, coarse gray, 
Юве, Масс, ©... ое ель 4.6410" (1.92) х 10" 215 70–600 
Quincy, Mass. from 100 ft , 

ПОРЕ СОЈ. о с. ПИ. 3.48 M. зле ІШ 
Ба О... пел ш 11.15 ЖІ Те 100-900 
Плађазе 

AMestheld. Mass. (2.905) |o: E 8.00* 
Marble 
Droctor Vw 271) о. сре не: ш 3.43 Е 141 ШК 
4.60 г .190 56 
4.95* 2.17 b с 
Limestone 
Knoxvile, Tenn. —.. 2. 6.21 (2.48) 251 70-600 
Monreal И 6.35 (2.50) ‚252 70—600 
Dolomite, Pennsylvania (2.83) ..... 7.10* 229 
Sandstone 
Guartzitic, Penna. (2606) m.. 2. 6.36 Jum „115 11.7 
Esidspathic; Ohio... а e 1.58 ( .61) .290 70-600 
Slate, Pennsylvania, || to cleavage 

раве... е 11.29% 4.65 M E. 

Shates( 2:03) xbv. И оо у ee 4.4 dry one КУ 200 
19 wet i eR AR 

Schiste Mica, Тарап... ОШ 1-6 

л арап ое. ее .3-3.6 E. А 

[се (С 9]7).—=5°С о ы -- 917% 336 (.365) 


* Dynamical measurements. 





TABLE 277.—RELATIVE VOLUME OF QUARTZ CRYSTALS AND SIX GLASSES 
FOR DIFFERENT PRESSURES *® 








Quartz 
Pressure с--- --с:--- Ругех Вогах 
kg/cm? crystal glass Glass 4" glass Glass C t Glass Dt glass 
1 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

25,000 946 923 934 921 945 ‚932 877 
30,000 939 .909 .923 .907 .936 .924 .866 
40,000 .926 885 905 ‚885 920 ‚909 .845 
50,000 .914 .864 .890 .867 .905 .894 .825 
60,000 902 847 875 851 ‚891 ‚880 808 
70,000 892 832 ‚862 ‚838 878 867 ‚792 
80,000 ‚883 ‚819 ‚849 827 ‚866 ‚655 .778 
90,000 .875 .808 .838 ‚817 854 844 ‚765 
100,000 ‚868 ‚798 ‚828 609 ‚842 834 753 

95 Bridgman, P. W., Proc. Amer. Acad. Arts and Sci, vol. 76, p. 68, 1948. 

* Glass A is a potash lead silicate of very high lead content. t Glass C is a soda potash lime 
silicate. t Glass D is a lead zinc borosilicate. 
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Pressure 
kg/cm? 


5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 


TABLE 278.—COMPRESSIBILITY OF GLASSES * 


Quartz 
glass 


.0141 
.0295 
.0452 
.0610 
.0772 
.0933 
.1068 
.1194 


Pyrex 
.0153 
.0308 
.0465 
.0622 
.0786 
‚0920 
1032 
1133 


АМ /М, 


VAL Ow 
0159 
.0300 
.0425 
.0535 
0656 
‚0770 
0866 
‚0964 


СТ 


0121 
0239 
0352 
0449 
.0549 
‚0654 
0742 
.0830 


.0144 
.0281 
.0411 
.0542 
.0678 
.0806 
.0927 
.1049 


% Bridgman, P. W., Proc. Amer. Acad. Arts and Sci., vol. 73, p. 74, 1938. 
+ Glass C is a soda potash lime 


* Glass A is a potash lead silicate of very high lead content. 
i Glass D is a lead zinc borosilicate. 


silicate. 
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Borax 
glass 


.0345 
.0631 
.0857 
.1054 
.1228 
.1376 
.1518 
.1648 


TABLE 279.—SPECIFIC GRAVITIES CORRESPONDING TO THE BAUMÉ SCALE 


The specific gravities are for 15.56" C (60*F) referred to water at the same temperature 
as unity. For specific gravities less than unity the values are calculated from the formula: 


Degrees Baumé — 


For specific gravities greater than unity from: 


Specific 
gravity 


.60 
E 
.80 
.90 
1.00 


Specific 
gravity 


аныд а А МА МА ад А а А 
CONTA Сл ДА 22 © 
ICE CSI се? 


‚00 


103.33 
70.00 
45.00 
25.56 
10.00 


.00 


.00 
13.18 
24.17 
33.46 
41.43 
48.33 
54.38 
59.71 
64.44 


.01 


99.51 
67.18 
42.84 
23.85 


‚01 


1.44 
14.37 
25.16 
34.31 
42.16 
48.97 
54.94 
60.20 
64.89 


Degrees Baumé — 145 — 


140 


specific gravity — 


c SEN 
specific gravity 


Specific gravities less than 1 


.02 205 .04 .05 .06 
Degrees Baumé 
0581 9222 8875 8538 8212 
64.44 61.78 5919 5667 5421 
4073 3868 3667 34.71 32.79 
22.17 20.54 18.94 17.37 15.83 
Specific gravities greater than 1 
.02 .03 .04 ‚05 .06 
Degrees Baumé 
2.84 4.22 5.58 6.91 8.21 
15.54 16.68 1781 18.91 20.00 
2015: 27.11 28.06 2900 29.92 
35.15 2508 36.79 37.59 38.38 
42.89 4360 4431 45.00 45.68 
49.60 5023 50.84 5145 52.05 
55.49 5604 56.58 5712 57.65 
60.70 6118 6167 6214 62.61 
65.33 65.76 66.20 66.62 
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.07 


78.95 
51.82 
30.92 
14.33 


202 


9.40 
21.07 
30.83 
39.16 
46.36 
52.64 
58.17 
63.08 


.08 


75.88 
49.49 
29.09 
12.86 


.08 


10.74 
2212 
2/2 
39,93 
47.03 
53:23 
58.69 
63.54 


.09 


72.90 
47.22 
27.30 
11.41 


209 


11,97 
25.15 
32.60 
40.68 
47.68 
53.80 
5720 
63.99 
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TABLE 280.—DEGREES AP!I CORRESPONDING TO SPECIFIC GRAVITIES 


60° /60°Е 


(15-56°/15.56°C) for petroleum oils. 


In order to avoid confusion and misunderstanding the American Petroleum Institute, the 
Bureau of Mines, and the National Bureau of Standards have agreed that a scale based on 
the modulus 141.5 shall be used in the United States Petroleum Industry and shall be 
known as the API scale. The United States Baumé scale based on the modulus 140 will 
continue to be used for other liquids lighter than water. 


Calculated from the formula, degrees API — 


Degrees 


API 
60°/60°Е .00 .01 .02 
6 104.33 100.47 96.73 
‚7 7064 6780 65.03 
8 45.38 43.19 44.06 
p Cee SO) 22:30 


1 10.00 


SMITHSONIAN PHYSICAL TABLES 


‚03 
93.10 
62.34 
38.98 
20.65 


‚04 
89.59 
59.72 
36.95 
19.03 


205 
86.19 
57.17 
34.97 
17.45 


141.5 


‚06 
82.89 
54.68 
2209 
15.90 


sp. gr. 60°/60° F 


.07 
79.69 
5227 
31.14 
14.38 


— 131.5. 


.08 
79.59 
49.91 
29.30 
12.89 


‚09 
13.07 
47.61 
27.49 
11.43 


ҚӨТЕТЕС 281-2295 ПЕКСТТІЕ5 
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TABLE 281.—DENSITY OF THE ELEMENTS, LIQUID OR SOLID 


The density may depend considerably on previous treatment. To reduce to lb/ft? multiply by 62.4. 


Element Physical state 
Aluminum .. commercial 
h'd d'n 
e .. liquid 
$6 t 
Antimony .. vacuo-distilled 
es . ditto-com- 
pressed 
В .. атогрһоиѕ 
ш ‚ наша 
ШОП ....2.. " 
S . solid 
Атвепіс ..... crystallized 
ES C amorph. br.- 
black 
“4 477 yellow 
Barium . solid 
Beryllium solid 
Bismuth .... electrolytic 
ps . vacuo-distilled 
К . liquid 
D . solid 
BOoron 2222 crystal 
E 2.9» «« amorph. pure 
Bromine . Паша 
S 222 зойа 
Cadmium ... wrought 


. vacuo-distilled 


йз е ота 
Е . liquid 
Calcium : 
Carhon ..... diamond 
aL graphite 
Cerium . electrolytic 
E роге 
Cesium . solid 
S же liquid 
Chlorine . liquid 
“ оо сона 
Chromium .. 
i pure 
Шора... 
Copper ..... cast 
MEME n annealed 
и ae hard drawn 
сел 222050! vacuo-distilled 
IEEE s ditto-com- 
pressed 
Lo CMT A liquid 
Erhium : 
Fluorine .. Паша 
да . solid 
Gallium 
Germanium 
hold. o cR cast 
ЕК. vacuo-distilled 
Ез ЕЕ ditto-com- 
pressed 
Hafnium . solid 
Helium . Паша 
Б. БОНИ 
Hydrogen .. liquid 
e . solid 
Пааа. 
lodine. 2 4... 
E . liquid 
lridium 
fon К pure 
RE. m . gray cast 
аа гоа .. white cast 
У . wrought 
г "ec К liquid 
Krypton .... a 
| solid 
Lanthanum . 
са. vacuo-distilled 
ME ы . ditto-com- 
pressed 


g/cm? 
2.70 


2.43 


~ 
NN 
Des 
— 20 


“оо моо ммо л 
с Юу Осло лао 


с о ~ 
№ о" сә м.о 26 4 
сл — M 


о МО МО Сл О А КУ ~ +) 
| Sot 00 
о 
ч 
сә 


t 
oo 
© 
сл 


Wo 


C9 Co WOO Ota р 
~ 
ее 


~“ 


~ 00 Dw AM 


-— м 
сә ODDO BO 0000 20 20 00 00 ОЗ ОЗ Мо NANAMN ENN ODLO w ен сом 


W Моо со 4а М ол Ко о 20 20 C9 SJ AO л о оз со о © ха бо ел єл O G9 2 CN GO e da CA 


— 


135342 
11.347 


С» 
208 


740 
1000 
МІ) 
20 


631 
—186 
—233 

14 


20 
271 
271 


—273 


20 
318 
318 


--200 
--273 


20 
20 
20 


--269 
--273 
--252 
--260 


184 
17 


1200 
--146 
--273 

20 


20 


Element 


.жжжежеее 


Lithium 
Magnesium 
Manganese 
Mercury 


46 


Мојућдепит. 
Neodymium . 
Neon 

Nickel 
Niobium 
Nitrogen 


“ 


“ 


Osmium .... 
Oxygen 


. 


[И 


Palladium 


Physical state 


. liquid 


solid 


A liquid 
[11 


. solid 
“ 


. liquid 


501 14 


Phosphorus.. white 
0 геа 
c .. metallic 
. black 
Platinum : 
Ы Маск 
Potassium .. 
ci solid 
i liquid 
Praseo- 
dymium 
Rhodium 
Rubidium 
Ruthenium .. 
Samarium 
Selenium 
КҮШ. сооп cryst. 
Ме amorph. 
пме ШО. cast 
ПСЕ vacuo-distilled 
ОО vacuo-com- 
pressed 
НО liquid 
Sodium 
С . solid 
а Паша 
£4 
Strontium .. solid 
Sulfur e * 
liquid 
Tantalum .. 
Tellurium .. crystallized 
њи . amorphous 
Thallium 
Thorium $e 
"Dn os ES white, cast 
СЫ . x " wrought 
СИ. н solid 
И oe liquid 
Ы te V ERROR gray 
Titanium 
Tungsten 
Uranium 
Vanadium 
хеноћ M. liquid 
Yttrium 
ZINC? о. cast 
e TE T. solid 
Т, vacuo-distilled 
DO S ditto-com- 
pressed 
ПЕТЕ. liquid 
Zirconium 


* Where the temperature is not given, ordinary temperature is understood. 
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g/cm? СА 
11.005 225 
10.597 400 
10.078 850 
.534 20 
1.741 
Zu 
13.596 0 
13.546 20 
13.690 — 38.8 
14.193 — 38.8 
14.383 —188 
9.01 
7.00 
1.204 —245 
8.8 
8.4 15 
‚810 —195 
‚854 —205 
1.0265 —252.5 
1.14 --273 
2255 
1132 —183.6 
1.426 —252.5 
1.568 —273 
12.16 
1.83 
2.20 
2.34 15 
2.69 
21222 20 
2.70 
.870 20 
.851 6281 
.830 62.1 
6.48 25 
12,44 
1:532 20 
12-] 19 
7.7-7.8 
4,82 
2.42 20 
2525 15 
10.42-10.53 
10.492 20 
10.503 20 
9.5] 
.9712 20 
.9519 97.6 
.9287 97.6 
1.0066 —188 
2.60 
2.0-2.1 
1.811 Ө 
16.6 
6.25 
6.02 20 
11.86 
11.00 17 
7.29 
7.30 
7.184 226 
6.99 226 
5,8 
4.5 18 
1973 
ТЕЗА 13 
5.6 
3.52 109 
3.8 
7.04-7.16 
4.32 —273 
6.92 20 
7.13 20 
6.48 
6.44 


202 TABLE 282.—DENSITY IN g/cm? AND Ib/ft? OF VARIOUS SOLIDS 


NorrE.— The density of a specimen depends considerably on its state and previous treat- 
ment; especially is this the case with porous materials. 


Material g/cmà 
Agate TT 2.5 -2.7 
Alabaster : 

Carbonate ...... 2.69-2.78 

рва... 2.26-2.32 
АЛЫ К ъз... 2.62-2.65 
Ре es 1.06-1.11 
Amphiboles ....... 2.9 -3.2 
ANOTE 2.74-2.76 
Anthracite aa. 1.4 -1.8 
Ара 2222... 2.0 -2.8 
с о 1.1 -1.5 
Баба 2272 2. 24 -3.1 
Beeswax ь, Они 
СИЕ с. 2.69-2.7 
моле... 2.7 -31 
Рене. ла. 17 =20 
оо а. 1.4 -2.2 
Реге. e .86- .87 
Calamine ......... 4.1 -4.5 
Camipuor 2.2... 99 
CaouteHouc- №... .92- .99 
Gelluloid c E. 1.4 
Cement, set ....... 2.7 -3.0 
НІС 2... 2... 1,0 -28 
Charcoal, оа ШШ... 157 


i pine .... .28- 44 


Chrome yellow ... 6.00 
CHEONHÍIO сель... 4.32-4.57 
Сао Баг сек, 8.12 
СПУ... 1.8 -2.6 
СО со ste 12-15 
Cocoa butter ...... 89- .91 
Coke a 1.0 -1.7 
oman tee: 1.04–1.14 
а ЛУ ОСО .22- 970 
Cork linoleum ..... 59 
Corundum ........ 3.9 -4.0 
Diamond: 

Anthracitic ..... 1.66 

(Рагропа ок ~... 3.01-3.25 
ле с... 252 
Dolomite 9 s... 2.84 
опе ОООО. ШЕ 
Еле», RSS 4.0 
Бри ове леш ei: 3.25-3.5 
Peldepar << ин 255-275 
EIn aa E 2:55 
пете“ па 3.18 
Gamboge .. Je... ГА 
Garnet saae e ar 3.15—4.3 
Gas carbon 22. 1.88 
Gelatine = |127 
Glass, соттоп .... 2.4 -2.8 

етпе... 2.9 —5.9 
ть. м. 124 
Granite see ee 2.64-2.76 
Graphite... Е 2.30-2.72 
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1b/ f£t3 
156-168 


168-173 
141-145 
163-165 
66- 69 
180-200 
171-172 
87-112 
125-175 
69- 94 
150-190 
60- 61 
168-168 
170-190 
106-125 


56- 57 
62-105 
65- 71 
14- 16 
34 

245-250 


104 
188-203 
157 
177 

72 
250 
203-218 
159-172 
164 
198 

75 
197-268 
ШІ? 
180 
150-175 
180-370 

80 
165-172 
144-170 


Material g/cm 
Gum arabic ....... 1.3 -1.4 
ЕО И Б. 2.31-2.33 
Hematite С 4,9 -5.3 
Hornblende ....... 3.0 
сете”... Е 917 
Шпее... 45g 
Ivory 2: 2 ER 1.83-1.92 
Labradorite 0m 27 -2982 
Lava, basaltic 2 2.8 -3.0 

trachytic . № 20-27 
[Leather Шгу 7 ‚86 

р greased 1.02 
Lime, mortar не 1.65-1.78 

"  s[aked c E 1.3 —1.4 
Limestone 2.2” 2.68-2.76 
Litharge : 

Axtilcial CO EET 9.3 -9.4 

Natural Кр 7.8 -8.0 
Magnetite 222 49 -52 
Malachite M 2 
Marble... 2.6 -2.84 
Meerschaum ...... .99-1.28 
Миса... e р ОКЕ ЕК 
Muscovite ..... № 2.76-3.00 
Ochre и 3.5 
Oligoclase „‚„.... 2.05-2:0 
Olvine s: 3.27-3.37 
Ора о 2:2 
Orthoclase ..-. m 2.58-2.61 
Papers t. ee 27-115 
Parafin 87- 91 
Реде Са ан па ‚84 
Pitch 4735 2 ee 1.07 
Porcelain 2.2222 222-2585 
Рогрћугу ,.. 2.6 -2.9 
Pyrite с. ШО 4.95-5.1 
Ouartz P 2.65 
Quartzite .. 2273 
Resim. TT 1.07 
Боск а а ес ви 2.18 
Кирбев та о а 1:19 

3 Soft eae ІІ 
Вие с... 4.2 
Sandstone 222” 2.14-2.36 
Serpentine ........ 2.50-2.65 
Slag, furnace ..... 2.0 -3.9 
Slate de. om 2.6 -3.3 
Soapstone ЈЕ E 2.6 -2.8 
У ГАСОВИ е 1.53 
Sugar o ecaa E 1.61 
Та м 2.7 —2.8 
Tallow ш 91- .97 
Tar е 1.02 
Topaz .... и 3.5 -3.6 
Тоигтайпе ....... 3.0 -3.2 
Мах sealing 2.22 1.8 
Zircon... о. 4.68-4.70 


lb/ft 
80— 85 
144-145 
306—330 


81- 87 
167-171 


580-585 
490-500 
306-324 
231-256 
160-177 
62 -80 
165-200 
172-225 
218 
165-167 
204-210 
137 
161-163 
44- 72 
54- 57 


112 
292-293 
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Alloy g/cm? ]b/ft3 

Brasses : yellow, 70Cu T а еее она 8.44 227 
толе. ME усы; бн 8.56 534 

» у И Пап ЕО сл oe a a 8.70 542 

^ О 2227-............7- 8.60 536 

i CU Л а у ШШ... аге. 8.20 511 
о Оо, посеве лы? 8.78 548 
Е СОЕ ОО з es па а аи ан 8.89 555 

1 DUCHESS UCET oos TRI ее: 8.74 545 

6 EQUES UT IEEE eese ee er INED CR ete ERES 8.83 551 
Сегтап silver : Chinese, 26.3Си + 36.62п + 36.8М 1 .... ............ 8.30 518 
Berlin (1) B20 —- 262i CC Nitec... oes oa eee 8.45 527 

b н (К 59( и -- 305 И Мр о 8.34 520 

У M d (О Си --.307П 6м ое, 8.30 518 

“ Е в оао 8.77 547 
Јееа пол - 97 БРБАЕМЕА а ааа 10.60 661 
И Ре EE OCC eei OSEE 10.33 644 

Е РР н.о 10.05 627 
ИИИ ООВ Г ОН о... пе. Ж 9.43 588 
ЗН оо ое ве 022 8.73 545 
И ее 8.24 514 
Бізтиітісай апа савтшт; ЭӘБІ--АОРЫ--/Са.................. 10.56 659 
Wood тега: 50Б F 23Pb -+ 12.5Cd 4 12.55п_.......5........... 9.70 605 
E E T ЕЕЕ СВБ оо 7.70 480 
Gold ane appe Ап И ооо 18.84 1176 
"5 ? v dac wm њи не dene 18.36 1145 
С К МС ооо, оо, о ее вы 17.95 1120 

^ We " SOME IST 7 о E EN Ce HS 17.16 1071 
„кй: H БИШЕ ТЕО» Т о ES ER secs 16.47 1027 
ZUnunpnumeandcoppers IOAT-P-90Cu ucl. eve ur rm RES 7.69 480 
" 5 E БИРО ВО. дни cc EE Lisa ce. rut 8.37 522 

М У. г ЖА ОЛ e НЕ omes tcu E 8.69 542 
Alumamimmand zine ЭТАН О7п ...............................- 2.80 175 
Platinum and iridium : УРА равну ба № 21.62 1348 
Scr T or е: кысуу И 21.62 1348 

“ i 5. STA H a RES EI i E a о 21.87 1364 
Carol 7. о. оао 2.2277 14.3 895 
(опен ООС И р М и ка en 8.88 554 
Мае mimic ПАДА РО МЕРИ... „с сите о се. E a а. 2.0 125 
Мапа ш СОЕ ТАМИ ЕАМ ее, 224. 8.5 530 
МНЕ Зе... 8.87 554 
Platnombserman silver -- little tungsteh... ice ere 2 9.0 560 
Stelltelgito 59.5 Ма 225 Cr 10.8; Ee 23233059 Mn 20:5 C. 092562200 83 518 


TABLE 284.—PHYSICAL PROPERTIES OF SOME LIGHT HYDROCARBONS" 


= 

Critical constants | Ф £ 

Specific heats = g = 5 o v N 

5 = _ += 7 7 E 5 35 

a a Е z v p у Ве oe =. 8 a3 

8 = ZE o B TE Еа 25 ERO OREL 

5 в в о о А 

= 8 эм” é « а т = ни 

kilo 
AG atm саһр-і °C= kg/m? m?/kl atm OG cal/m? 
Methane ...... CH, 16.04 821 458 .526 .400 .55 678 --- -- 1880 9,000 
Ethylene ..... С.Н. 28.05 9.72 50.9 .363 2%6 .977 1.19 --- --- 1975 14,350 
Ethane Te.. С.Н. 30.07 32.3 482 .409 .347 1.048 1.282 294.2 38.3 1895 15,900 
Propylene .... СзН, 42.08 91.4 454 .363 .316 1.476 1.805 289 10.3 1935 21100 
Ргорапе ...... СзН» 44.09 96.8 42.0 .388 .343 1.550 1.892 268 8.45 1925 22,800 
Виѓааепе-1,3.. С.Н, 54.00 1520 4283419 312 1922 235 26/7 2.45 --- 26,400 
Butene-1 ...... С.Н, 56.10 143.9 39.2 .371 .334 1.998 2.44 246 2.6 28,200 
cis-Butene-2 .. С.Н, 56.10 2160 415 2507515 2004245. 2555 16. 1000 
trans-Butene-2. С.Н, 56.10 155.0 40.5 .376 .342 2.004 245 2490 200 28,200 
Isobutylene ... С.Н, 56.10 144.7 39.5 .375 .335 1.998 244 2455 2.57 -- 28,100 
Isobutane ..... ҮНІ 584271227 365 387. 848 12:077 — 2:54 - 222 3.06 1900 30,000 
n-Butane ..... ЕН, 58121522 375 397 56! 2084 255 2205 2191825 30/10) 


9 Shnidman, Louis (ed.), Gaseous fuels, p. 34, American Gas Assoc., 1948. 
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TABLE 285.—DENSITY OF VARIOUS NATURAL AND ARTIFICIAL MINERALS 


Density in Sp. vol. 

Name and formula ЯС g/cm3 cm?/g 

Oxides 

Gomimndim АКО. а... ое. (0) 4.02 .249 
ЕО ще. ло а. (25) 3.42 .292 
Moena MONE.. oe ee a (25) 3.603 2725 

Рено Ее) * ............ О... (20) 57 ‚175 
Неа се Бе ................... (20) 525 .1905 
Маш е Ее;О DT ( 0) 672 .1933 
OUa е еа И (20) 2.649 27773 
“ о Ш (25) 2.648 .3776 
(тешле О о О ee (25) 2.325 .4301 
Mitneons silica о ооо а (0) 2:203 .4539 
EET 10, .. ТР. ( 0) 4.250 2355 
тепле (РеТ:) 0%_......-..... О... ( 0) 5.088 „1965 

Silicates 

Silimamte AlOsSS105. ..2.... Т... (25) 3.247 .3080 
МЕШ 3A1,0.:-2910s*. 1. 2222... (25) 3.156 .3169 
аА О а Ио. (25) 2.62 .382 
ое Сад ЗО е... (25) 22157. .3627 
ере Ма ИО У а стене 2 ...... (21) 2.619 .3818 
labradorite Аба та“ ......... «es (26) 2.695 .3711 
@itgacmase AbsAnst е... (25) 2.638 3791 
Orthoclase КАО з cae (15) 2.554 .3915 
ааа Е... (15) 2,566 .3897 

МНЕ 2222... e es. (22) 7557 3911 

Calcium orthosilicates 
QUUM SO. CM ME... (25) 2.26 .307 
БЕП), 20000-02... ... (25) 2127 .306 
л о, ПТ ...... (25) 2.965 ‚33/5 
Calcium metasilicates 
a— CasiQ, () = sWellastemte)* .......... (25) 2.904 „3444 
B — CaSiO; (pseudo-Wollastonite) ........ (25) 2.906 .3441 
Diopside Самғат о ele. (28) 3.257 .3070 
Самсап та е ...... (25) 3.265 .3063 
Enstatite Men EM eee rn (25) 3.105 .3159 
MgSiO: Dia (FeS1O; ) 12 ЖҮЛ to ESTE Tace (25) 3.254 .3073 
Hypersthene (MgSiO;) « (FeSiOs)a ....... (29) 3.415 .2928 
lossteute Mg:SIDL PST... (20) 3.223 3103 
cers Oe. ae: оне (15) 4.28 ‚234 
Garnet grossularte n a ....... (31) 3.544 2822 
Ы аас... (31) 4.160 .2404 
лс У ss eee (31) 3.328 .3005 
Miscellaneous substances 
Borax, anhydrous, NEPOT oaee 2.27 .440 
(NO. Paragandte ES О _............. ( 0) 2.932 .3411 
CO calci.. в... ......... (20) 2.7102 .3688 
БН После NEM m ........ (10) 3.180 3145 
Ба... (25) 3.516 ‚2844 
eel LOCK ба. а... (20) 2.1632 .4623 
О. кпепаг не ои .......... (25) 2.664 3754 
ПИ ОЗЕ ~. а а о... (25) 2.697 ‚3708 
DNE hneBDowder tae ШО............. (30) 1.984 .5040 
Ernte bes. 0 LL eo (25) 5.012 .1995 
Marcasite Кеб... ЖО ........... (25) 4.873 ‚2052 
* Artificial. 1 Natural. t Ab = alhite; An = Anorthite. 
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TABLE 286.—DENSITY OF LIQUIDS 


Density or mass in g/cm? and in 1b/ft? of various liquids. 


Liquid 

АСА a va 
А Ооо ethyl coss 

3 АСУС 
Aniline 
BeHzcle cxx. 
Bromine 
Carbolic acid (crude) =. 
Carbon disulfide ......... 
Chloroform 
Соя Бер... 
Ether 2 2 2 с. И. 
Gasoline 
Glycerine 
Japan мах в... 
Мегсигу 


e 9 € ә * 9 » ә с е ә э е е ө ө ө 


оосо оо ео ее оо оо о © 


* ө «с е ә ө ә е 9 € е е о 


e « ө « ө 9* ө $9 9? е ө е с ө « 


се... ее 


Naphtha (wood) 
Naphtha (petroleum ether) 
Oist Amber m m.. F. 
Anise-seed 
Beef-tallow ........ 
БЕ... 


“еже«еееееяв«е 


Cocoanut ea на си» 
Cod liver о -. 
Cottonseed 
Creosote 

Кековепе 252.22... 
а m. 
Lavender «ec. eso. 
[епо 2. 
Linseed (boiled) ... 
Neat’s-foot 
Oleomargarine .... 
Olive 
Palm 
Бептапет2 7227772... 


* ө ө е ө ө «с өе с е е « • 


° а с • • ө е е э «= э ео € 


Peppermint 
Petroleum v e. 


еооо ео о 


Рорру Жо с: 


Sperm 
Soyasbeati s. os 


° ө ө » ө э « ө ө 


9 € 4 е э ө ө өе е э * ә 


Train or whale .... 
Turpentine 
Valerian 
Wintergreen 


“жзеееее 


• • • • • • ee ee 


Буне епеоне. ас 22 5222221 


Water 
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* ө ө с « ө э ө ө вооа а о о 


• • • • • • ә ө о эө е ө ө ө о 


° е ө « « • « « е е eee ee 


° ө ө * ө с е э эе е ө ооо 


» % • • • • о е э ө ө ө ө ө ^9 


e € € € е ө е өе з э ө ө * 9 о 


° © «= ө е ө ө * 9 э 9 9 $9 э е 


ооо оо о Фо э ав ө «с е е 


€ 9 » € Ф ө е ө ө э ө ө е ө © 


«* + • е ә э « • « « се $995 


• • • с о с ө эе с « с « « ч 


« • • «с ө с с с 5 «" ос • = 


• . • • • « • = е ө е ө ө ө о 


« • • е ө е е е ө ә ә э е е в 


° «е е • • е ө ө с • • ө э э Ф е е ө ө э eee 


• • • е е « оч о е эө Ф « ө c 


e e.e ә е ө ә ә ә е е о о о € 


• © ө ө е с « о е эе • ө е ө о 


• • • • ө е ө е е е е е • «ө 


* ө ө 9999 9 9 99292999 


“жечч«ееееееееее 


• • • • 9? 4 ө е ө ө е * * * з 


• • • е ө ө ө е • • + э е е ә 


• . ө ө 9» ө ә эө 9 s э €* • • • 


* о е ө ө е • э ө ө ө ө ө ө о 


. Фо е ө е ө ө е өе с « ә е е с се с с с с с ө е с • е эе с ч • •• 


.82 
.920 
877 
844 
942 
.913- 
92 - 
.918 
.905 
.650 
12.3 
90 - 
.878 
.795- 
850- 
‚924 
915 
913 
.955 
.88 
919 
906 


917 
92 


22 


805 
.860 


1025 


]b/ ft? 
49.4 
50.4 
50.5 
64.5 
56.1 
199.0 
59.2-60.2 
80.6 
93.0 
595 
45.9 
41.0–43.0 
78.6 
54.6 
849 


88 
57.0-57.2 
57.3 
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TABLE 287.—DENSITY OF PURE WATER FREE FROM AIR, 0* TO 41*C 


Under standard pressure (76cmHg) at every tenth part of a degree from 0° to 41°C, in 
g/ml.* 


Tenths of degrees Mean 
Degrees ,———————— ———————— —————— M —————————————— ———  difter- 
C 0 1 2 3 4 5 6 7 8 9 ences 
0 .999 8681 8747 8812 8875 8936 8996 9053 9109 9163 9216 + 59 
1 9267 9315 9363 9408 9452 9494 9534 9573 9610 9645 + 41 
2 0670 9711 9741 9769 9796 9821 9844 9866 9887 9905 -- 24 
3 9922 9937 9951 9962 9973 9981 9988 9694 9998 0000 + 8 
4 4.000 0000 9999 9996 9992 9986 9979 9970 9960 9947 9934 — 8 
5 999 9919 9902 9884 9864 9842 9819 9795 9769 9742 9713 -- 24 
6 0682 9650 9617 9582 9545 9507 9468 9427 9385 9341 — 39 
7 9206 9249 9201 9151 9100 9048 8994 8038 8881 8823 -- 53 
8 8764 8703 8641 8577 8512 8445 8377 8308 8237 8165 -- 67 
9 8001 8017 7940 7863 7784 7704 7622 7539 7455 7369 — 81 
10 7282 7194 7105 7014 6921 6826 6729 6632 6533 6432 -- 95 
11 6331 6228 6124 6020 5913 5805 5606 5586 5474 5362 --108 
12 5248 5132 5016 4898 4780 4660 4538 4415 4291 4166 —121 
13 4040 3912 3784 3654 3523 3391 3257 3122 2986 2850 —133 
14 2712 2572 2431 2280 2147 2003 1858 1711 1564 1416 --145 
15 1266 1114 0962 0809 0655 0499 0343 0185 0026 9865 --156 
16 (2998 9705 9542 9378 9214 9048 8881 8713 8544 8373 8202 --168 
12 8029 7856 7681 7505 7328 7150 6971 6791 6610 6427 —178 
18 6244 6058 5873 5686 5498 5300 5119 4927 4735 4541 --190 
19 4347 4152 3955 3757 3558 3358 3158 2955 2752 2549 --200 
20 2343 2137 1930 1722 1511 1301 1090 0878 0663 0449 —211 
21 0233 0016 9799 9580 9359 9139 8917 8694 8470 8245 —221 
22 997 8010 7792 7564 7335 7104 6873 6641 6408 6173 5938 —232 
23 5702 5466 5227 4988 4747 4506 4264 4021 3777 3531 --242 
24 3286 3039 2790 2541 2291 2040 1788 1535 1280 1026 --252 
25 0770 0513 0255 9997 9736 9476 9214 8951 8688 8423 --261 
26 996 8158 7892 7624 7356 7087 6817 6545 6273 6000 5726 —271 
27 5451 5176 4898 4620 4342 4062 3782 3500 3218 2935 --280 
28 2652 2366 2080 1793 1505 1217 0928 0637 0346 0053 —289 
29 .995 9761 9466 9171 8876 8579 8282 7983 7684 7383 7083 --298 
30 6780 6478 6174 5860 5564 5258 4950 4642 4334 4024 —307 
31 3714 3401 3089 2776 2462 2147 1832 1515 1198 0880 —315 
32 0561 0241 9920 9599 9276 8954 8630 8304 7979 7653 —324 
33 2994 7325 6997 6668 6338 6007 5676 5345 5011 4678 4343 --332 
34 4007 3671 3335 2997 2659 2318 1978 1638 1296 0953 —340 
35 0610 0267 9922 9576 9230 8883 8534 8186 7837 7486 —347 
36 993 7136 6784 6432 6078 5725 5369 5014 4658 4301 3943 --355 
37 3585 3226 2866 2505 2144 1782 1419 1055 0691 0326 — 362 
38 992 9960 9593 9227 8850 8490 8120 7751 7380 7008 6636 --370 
39 6263 5890 5516 5140 4765 4389 4011 3634 3255 2876 --377 
40 2497 2116 1734 1352 0971 0587 0203 9818 9433 9047 --384 
41 991 8661 


* According to P. Chappuis, Bureau International des Poids et Mesures. 
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TABLE 288.—VOLUME IN cm? AT VARIOUS TEMPERATURES OF A cm? OF 
WATER FREE FROM AIR AT THE TEMPERATURE OF MAXIMUM 
DENSITY, 0° to 36°C 








ш .0 a 2 3 4 6 7 8 9 
0 1.000132 125 118 112 106 100 095 089 084 079 
] 073 069 064 059 055 051 047 043 039 035 
2 032 029 026 023 020 018 016 013 011 009 
3 008 006 005 004 003 002 001 001 000 000 
4 000 000 000 001 001 002 003 004 005 007 
5 008 010 012 014 016 018 021 023 026 029 
б 032 035 039 042 046 050 054 058 062 066 
7 070 075 080 085 090 095 101 106 112 118 
8 124 130 137 142 149 156 162 169 176 184 
9 191 198 206 214 222 230 238 246 254 263 
10 272 281 290 299 208 317 327 337 347 357 
11 367 377 388 398 409 420 430 441 453 464 
12 476 487 499 511 522 534 547 559 571 584 
13 596 609 623 636 649 661 675 688 702 715 
14 729 743 757 742 786 800 815 830 844 859 
15 873 890 905 920 935 951 967 983 998 015 
16 1.001031 047 063 080 097 113 130 147 164 182 
17 198 216 2 252 269 287 305 323 341 358 
18 378 396 415 433 452 471 490 510 529 548 
19 568 588 606 626 646 667 687 707 728 748 
20 769 790 811 832 853 874 895 916 938 960 
21 981 002 024 046 068 091 113 135 158 181 
22 1.002203 226 249 271 295 319 342 364 389 412 
23 430 459 483 507 532 556 581 605 629 654 
24 679 704 729 754 779 804 829 854 879 905 
25 932 958 983 010 036 061 088 115 141 168 
26 1.003195 221 248 275 302 330 357 384 412 439 
27 467 495 523 550 579 607 635 663 692 720 
28 749 776 806 836 865 893 922 951 981 011 
29 1.004041 069 100 129 160 189 220 250 280 310 
30 341 371 403 432 464 494 526 557 588 619 
31 651 682 713 744 772 808 840 872 904 936 
32 968 001 033 066 098 132 163 197 229 263 
29 1.005296 328 361 395 427 461 496 530 562 597 
34 631 665 698 732 768 802 836 871 904 940 
35 975 009 044 078 115 150 185 219 255 290 
TABLE 289.—INFLUENCE OF PRESSURE ON VOLUME OF WATER * 
kg/cm2 0%С 202€ 40*C kg/cm? 20°C 40°C 
1 1.0000 1.0016 1.0076 7,000 8404 8485 
500 9771 9808 9873 8,000 8275 „8360 
1,000 9578 9630 .9700 9.000 8160 ‚8249 
2,000 (9260 9327 „9403 10,000 — .8149 
3,000 .9015 .9087 .9164 11,000 —— .8056 
5.000 .8632 .8702 .8778 12,000 — .7966 
6,000 8480 ‚8545 ‚8623 12,500 — .7922 





* Cf. Table 269. 


SMITHSONIAN PHYSICAL TABLES 





298 TABLE 290.—DENSITY AND VOLUME OF WATER —10° TO +250°C 
The mass of 1 cm? at 4?C is taken as unity. 
Temp. Temp. Temp. 

О Density Volume °С Density Volume °С Density Volume 
—10 .99815 1.00186 --20 99823 1.00177 +50 .98807 1.01207 
— 9 843 157 21 802 198 51 762 254 
— 8 869 131 22 780 220 52 715 301 
— 7 892 108 23 757] 244 53 669 349 
— 6 012 088 24 733 268 54 621 398 
— 5 99930 1.00070 25 99708 1.00293 55 98573 1.01448 
— 4 945 055 26 682 320 60 324 705 
— 3 958 042 27 655 347 65 059 979 
-- 2 970 031 28 627 275 70 97781 1.02270 
— 1 979 021 29 598 404 75 489 576 
+ 0 .99987 1.00013 30 99568 1.00434 80 97183 1.02899 

1 993 007 31 537 465 85 .96865 1.03237 
2 997 003 32 506 497 90 534 590 
3 999 001 32 473 530 95 192 959 
4 1.00000 1.00000 34 440 563 100 95835 1.04343 
5 99999 1.00001 35 99406 1.00598 110 9510 1.0515 
6 997 003 36 371 633 120 ‚9434 1.0601 
7 993 007 37 336 669 130 9352 1.0693 
8 988 012 38 300 706 140 9264 1.0794 
9 981 019 39 263 743 150 9173 1.0902 
10 99973 1.00027 40 99225 1.00782 160 9075 1.1019 
11 963 037 41 187 821 170 ‚8973 1.1145 
ІС 952 048 42 147 861 180 ‚8866 1.1279 
13 940 060 43 107 901 190 ‚8750 1.1429 
14 927 073 44 066 943 200 ‚8628 1.1590 
15 99913 1.00087 45 99025 1.00985 210 850 1177 
16 897 103 46 .98982 1.01028 220 837 1.195 
17 880 120 47 940 072 230 .823 1:215 
18 862 138 48 896 116 240 .809 1.236 
19 843 157 49 852 162 250 ‚794 1.259 
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TABLE 291.—DENSITY AND VOLUME OF MERCURY —10° TO +360°C 299 


Mass 
g/cm’ 
13.6198 
6173 
6148 
6124 
6099 


13.6074 
6050 
6025 
6000 
5976 


13.5951 
5920 
5901 
5877 
5852 


13.5827 
5803 
5778 
5754 
5729 


13.5704 
5680 
5055 
5630 
5606 


135581 
2557 
2932 
5507 
5483 


Volume of 
l g in cmê 


.0734225 
4358 
4492 
4626 
4759 


.0734893 
5026 
5160 
5293 
5427 


.0735560 
5694 
5828 
5961 
6095 


.0736228 
6362 
6496 
6629 
6763 


.0736893 
7030 
7164 
7298 
7431 


.0737565 
7699 
7832 
7966 
8100 
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Temp. 
eC 
20 
B 
22 
23 
24 


130 


Mass 

g/cm? 
13.5458 
5434 
5409 
5385 
5360 


13:5336 
ӚЗІ 
5287 
5262 
5238 


135215 
5189 
5164 
5140 
5116 


13.509] 
5066 
5042 
5018 
4994 


13.4969 
4725 
4482 
4240 
3998 


13.3723 
3515 
3279 
3040 
2801 


Volume of 
1 g in cm? 


0738233 


8367 
8501 
8635 
8768 


0738902 


9036 
9170 
9304 
9437 


0739572 
9705 


9839 
9973 
40107 


0740241 
0374 
0508 
0642 
0776 


0740910 
2250 
3592 
4936 
6282 


0747631 
8981 
50305 
1653 
3002 


Тетр. 
°С 


140 
150 
160 
170 
180 


190 
200 
210 
220 
230 


240 
250 
260 
270 
280 


290 
300 
310 
320 
330 


340 
350 
360 


Density or mass in g/cm? and the volume in cm? of 1 g of mercury. 


Mass 

g/cm? 
13.2563 
2326 
2090 
1853 
1617 


13.1381 
1145 
0910 
0677 
0440 


13.0206 
12.9972 
9738 
9504 
9270 


12.9036 
8803 
8569 
8336 
8102 


12.7869 
7635 
7402 


Volume of 
l gin cm? 
.0754354 
5708 
7064 
8422 
9784 


.0761149 
2516 
3886 
5260 
6637 


.0768017 
9402 
7090 
2182 
35/9 


0774979 
6385 
7795 
9210 

80630 


0782054 
3485 
4921 


300 TABLE 292.—DENSITY OF AQUEOUS SOLUTIONS 


. The following table gives the density of solutions of various salts in water. The numbers 
give the weight in g/cm*. For brevity the substance is indicated by formula only. 


Weight of the dissolved substance in 100 parts by weight of 





the solution So 
о —MMMMÀÁ————— 0 — —— — ЕЕЕ" = ` p? 
Suhstance 5 10 15 20 25 30 40 50 60 - 
КОША... КО... 1.047 1.098 1.153 1.214 1.284 1.354 1.503 1.659 1.809 15. 
К. 1.040 1.082 1.127 1.176 1.229 1.286 1.410 1.538 1.666 15. 
МАНИ н. 1.073 1.144 1.218 1.284 1.354 1.421 1.557 1.689 1.829 15. 
МАЕ а... 1.058 1.114 1.169 1.224 1.279 1.331 1436 1.539 1.642 15. 
NIE o a a .978 .959 .940 924 .909 86  -— --- --- 16. 
МЕЕ И... 1.015 1.030 1.044 1.058 1.072 — — — — 15. 
КЕ Е. о. 1.031 1.065 1.099 1135 — - — — — 15. 
ое... 1.035 1.072 1.110 1.150 1.191 --- --- --- --- 15, 
Јој ©... can 1.029 1.057 1.085 1.116 1.147 1.181 1.255 — — 15. 
е 1.041 1.086 1.132 1.181 1232 1.286 1402 -- -- 15. 
СаСі,+6Н,.О ...... 1.019 1.000 TOC 1.083 1.105 1.128 1.176 1225 12707715. 
А... M. 1.080 1.072 1.111 1.153 1.196 1.241 1.340 -- -- 15. 
Мр Ара а 104] 1.085 PREDOMI? 17226 1.278 —— 2a 
MgCli4-6H;0 ...... 1.014 1.032 1.049 1.067 1.085 1.103 1.141 1.183 1.222 24. 
Anc MERC А. 1.043 1.089 1.135 1.184 1.236 1.289 1.417 1.563 1.737 19.5 
СОС... п. 1.043 1.087 1.138 1.193 1.254 1.319 1.469 1.653 1.887 19.5 
ОСО ERN S 1.044 1.092 1.143 1.198 1.257 1.321 — = ме 
SrCl.+6H,O ....... 1.027 1.053 1.082 1.111 1.042 1.174 1.242 1.317 — 15. 
Ба a оды 1.045 1.094 1147 1205 1260 -- -- -- -- 15. 
BaCh4-2H;O ...... 1085 10/75 1.119 1.166 1.217 1273 -ə--- --- --- 21. 
Cine р 1.044 1.091 1155 1.221 1.291 1.360 1527 -- -- 175 
В ее. a 1.048 1.098 1.157 1.223 1.299 -- -- — -- 175 
НЕСЕ lies 1.041 1092 — — = -- — -- -- 20. 
eo о... 1.041 1.086 1.130 1.179 1232 1290 1.413 1.545 1.668 17.5 
BU САКЕ us 1.046 1.097 1.153 1.214 1.285 1.362 1.546 1.785 -- — 
SnCh4-2H;O ...... 1.032 1.067 1.104 1.143 1.185 1.229 1.329 1.444 1.580 15. 
SnCL--5110 ...... 1.029 1.058 1.089 1.122 1.157 1.193 1.274 1.365 1.467 15. 
IDE ак 1:033 1070 TIRI 1.154 1202 1252 1.366 1480 --71975 
КБИ О oe ТОЗ ИОС 1.157 1205 1254 1364 = IOS 
АДЕ ен 1.038 1.078 1.123 1.172 1.224 1.279 1.408 1.563 --- 195 
В и а 1.041 1.085 1.135 1.189 1.245 1.308 1449 1623 --- 195 
ИВ он 1.043 1.091 1.144 1.202 1.263 1.328 1.473 1.648 1.873 19.5 
в ETT TIT 1041 1.088 1.139 1.197 1.258 1.324 1479 1.678 --- 195 
Саб. ан 1042 1.087 1.137 1.192 1.250 1.313 1.459 1.639  —— 195 
Вав V nei 1.043 1.690 1.142 1.199 1.260 1.327 1.483 1683 — 19.5 
Е ни 1.043 1080 1140 1198 1.260 1.328 1489 1603 1953 195 
EM on s nones 1.036 1.076 1.118 1.164 1.216 1.269 1.394 1.544 1.732 195 
ЕПК e Ea 1.036 1.077 1.122 1.170 1.222 1.278 1.412 1.573 1.775 19.5 
а. 1.038 1.080 1.126 1.177 1.232 1.292 1.430 1.598 1.808 19.5 
Zn c E е 1.043 1.089 1.138 1.194 1.253 1.316 1.467 1.648 1.873 19.5 
Cdi ео 104% 1086 1,135 1192 І251 1.317 1474 1608 д 195 
Kel a а Ж 1.041 1.086 1.137 1.192 1.252 1.318 1.472 1.666 1913 19.5 
аА ола 1.042 1.088 1.138 1.196 1.258 1.319 1.475 1.663 1.908 195 
ӘНІ 621218220255 1.043 1.089 1.140 1.198 1.260 1.328 1.489 1.693 1.953 19.5 
alls cse tre 1053 1089 1.141 1.199 1.263 1.331. 1.493. 1702 1968 195 
KACI en aa 1035 1.068 1.106 1.145 1188 1233 1327 — 15 
ЈУЛА О а а а 1.039 1.081 1.127 1.176 1.229 1287 — — -- 195 
он. 1031 1.064 1.009 1.135 — — — — — 15. 
NaNO у. у... 1.031 1.065 1.101 1.140 1.180 1.222 1.313 1.416 — 202 
АРМ О, еее" 1.044 1.090 1.140 1.195 1.255 1.322 1.479 1.675 1.918 15. 
(continued) 
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TABLE 292. —DENSITY OF AQUEOUS SOLUTIONS (concluded) 201 
Weight of the dissolved substance in 100 parts by weight of 5 
the solution EU 
Substance 5 10 15 20 25 D 50 60 = 
МЕРИ) па о. о а не ТОО: 041 1005 1.085 1.107 1131 1.178 1.229 1.282 17.5 
ZA О) с. 1.048 1.095 1.140 1.201 1.263 1.325 1.456 1.597 -- 17.5 
Zn(NOi)-6H;O .. —— 1.054 --- 1.113 --- 1.178 1.250 1.329 -- 14. 
Ca NO a 1.037 1075 1118 1162 1211 1260 %1.367 1.482 1.604 17.5 
CU NOs) 2225... 1.044 1.093 1.143 1.203 1.263 1.328 1.471 — --- 17.5 
ОШМУ О), 22222... 1.039. 1.083 1.129 1.179 --- --- --- --- --- 19.5 
ВЕ МО): С... 1:043 1.091 1.143 1.199 1.262 1.332 <— --- --- 17.5 
СОО); 222... 1.052 1.097 1.150 1.212 1.283 1.355 1536 1.759 -- 775 
CANO): ESSE... 1.045 1.090 1.137 1.192 1.252 1.318 1.465 --- --- 17.5 
МИТОЗ): Е... 1045 1.090 1137 110281252 1515 1465 --- — 17.5 
Ec NO. ess 1.039 1.076 1.117 1160 1.210 1.261 1.373 1.496 1.657 17.5 
Ме(ХО:):4-ӨН.О . 1.018 1.038 1.060 1.082 1.105 1.129 1.179 1232  — 21. 
Mn(NO:):-+6H:-O . 1.025 1052 1.079 1.108 1.138 1160 1235 1.307 1.386 8. 
о... 1.044 1.092 1.141 1.192 1.245 1.300 1.417 1.543 == 15 
К.СО.+2Н.О ..... 10371072 10 1.15088 191 12.) 1.320 141S 1.511085. 
Ма.СО:10Н.О ..... 1.019 1.038 1.057 1.077 1.098 1.118 — —  — 15. 
ШЫН 5С e. 277 Г055 Ба 11130142 1.170 1226 87 и. 
ПРО ОС Уа ПАН с. а 1.045 1.096 1.150 1.207 1.270 1.336 1.489 -- -- 18 
Ее5О.-+7Н.О ..... 1.025 1.053 1.081 1.111 1141 1.173 1.238 — -- 172 
МӘСІ... 1.051 1.104 1.161 1.221 1.284 -- -- -- --- 15. 
MgSOQ.4-7H:O ..... 10251050 1075 110171129 1155 1215 123 — Ш 
Na:SO,-F10H;O ... 1.019 1.039 1.059 1.081 1.102 1.124 | — -- -- 15. 
CusSQ- rF5EEOS..... 1.031 1.064 1.098 1.134 1.173 1.213 -- -- -- 18 
MnSO,.4-4H30 ..... 1.031 1.064 1.099 1.135 1.174 1.214 1.303 1.398 — 15. 
ZnSO.+7H:0 ..... 1.027 1.057 1.089 1.122 1.156 1191 1.269 1.351 1.443 20.5 
Fe;i( SO К,50, + 
24H; и Т... 1.026 1.045 1.066 1.088 1.112 1.141 — --- 17.5 


TEE S. 1016 ®10335 10051 1073100909 1.1200 01.188 1227 1454500 5 


о... 1.032 1.066 1101 1138 — — -- — -- 15. 

(NH SOLL 

FeSO,--6H;O ... 1.028 1.058 1.090 1.122 1.154 1.19] —  — -- 19. 
ЕСЕР OE... 1.039 1.082 1.127 1.174 1.225 1.279 1.3097 -- -- 19.5 
ВО: а... 1.035 1.071 1.108 — -- -- -- -- — 195 
FAR y) Ke 1.028 1.059 1.092 1.126 — — -- -- — 15 
БЕКУ) К: Ш... 1.025 1.053 1.070 1113 - — -- -- -- 13 
РБ (ОН; О.):-- 

LO 2222... 1.031 1.064 1.100 1.137 1.177 1.220 1.315 1426 -- 15. 
2NaOH-rAs;O; 

+24Н›»О ........ 1.020 1.042 1.066 1.089 1.114 1.140 1194 — -- 14. 

5 10 15 20 30 40 60 80 100 

С: ..... 1.040 1.084 1.132 1.179 1.277 1.389 1.564 1.840 — 15. 
и... 1.013 1.028 1.045 1.063 | — — — -- -- 4. 
LIT @ 1.033 1.069 1.104 1.141 1.217 1.294 1.422 1.506 — 15. 
ТО, 22... 1.021 1.047 1.070 1.096 1.150 1.200 — -- -- 15. 
СТОР... 1.018 1.038 1.058 1.079 1.123 1.170 1.273 -- -- 15. 
Cane sugar т... 1.019 1.039 1.060 1.082 1.129 1.178 1.289 — --- 175 
HI S ON. 1.025 1.050 1.075 1.101 1.151 1.200 -- -- -- 15. 
ИЕ Oe... 1.035 1.073 1114 1158 1257 136 -- -- -- 14. 
HIE VS NES... 1.037 1.077 1.118 1.165 1.271 1.40 -- -- -- 13. 
о... 1.032 1069 1106 1.145 1223 1.3001.501 1037 1.838 45. 
Ее... 1.040 1.082 1.127 1.174 1273 -- -- -- — 175 
|o... M... 1.035 1.077 1.119 1.167 1.271 1.385 1.6760 -- -- 175 
P20;+3H:20 ....... 1.027 1.057 1.086 1.119 1.188 1.264 1.4358 -- -- 15. 
ЫСЫ IN ess 1.028 1.056 1.088 1.119 1.184 1.250 1.373 1.459 1.528 15. 
ЕКО о 100 ГОА 101] 1.028 11041 1.052 1.068 1075 1055715: 





SMITHSONIAN PHYSICAL TABLES 


302 


TABLE 293.—DENSITY OF MIXTURES OF ETHYL ALCOHOL AND WATER 
IN g/mi 


The densities in this table are numerically the same as specific gravities at the various 
temperatures in terms of water at 4°C as unity. Based upon work done at the National 
Bureau of Standards. 


Percent Temperatures 
Сон ДА 
by weight 10°С 15°C 20°C 25°С 305€ 35°C 40°C 
0 .99973 .99913 .99823 .99708 .99568 .99406 .99225 
1 785 725 636 520 379 217 034 
2 602 542 453 336 194 031 ‚98846 
3 426 365 275 157 014 98849 663 
4 258 195 103 98984 98839 672 485 
5 098 032 98938 817 670 501 311 
6 .98946 98877 780 656 507 335 142 
7 801 729 627 500 347 172 (97975 
8 660 584 478 346 189 009 808 
9 524 442 331 193 031 ‚97846 641 
10 393 304 187 043 97875 685 475 
11 267 171 047 ‚97897 223 527 312 
12 145 041 ‚97910 753 973 ӘЛІ 150 
13 026 ‚97914 775 611 424 216 ‚96989 
14 97911 790 643 472 278 063 829 
15 800 669 514 334 133 .96911 670 
16 692 552 387 199 „96990 760 512 
17 583 433 259 062 844 607 352 
18 473 313 129 96923 697 452 189 
19 363 191 96997 782 547 294 023 
20 252 068 864 639 395 134 95856 
21 139 ‚96944 729 495 242 95973 687 
22 024 818 592 348 087 809 516 
23 ‚96907 689 453 199 95929 643 343 
24 787 558 312 048 769 476 168 
25 665 424 168 95895 607 306 ‚94991 
26 539 287 020 738 442 133 810 
27 406 144 95867 576 272 94955 625 
28 268 ‚95996 710 410 098 774 438 
29 125 844 548 241 .94922 590 248 
30 .95977 686 382 067 741 403 055 
31 823 524 212 „94890 557 214 93860 
52 665 357 038 709 370 021 662 
99 502 186 ‚94860 525 180 93825 461 
34 334 011 679 357 ‚93986 626 257 
35 162 ‚94832 494 146 790 425 051 
36 ‚94986 650 306 ‚93952 591 221 92843 
47 805 464 114 756 390 016 634 
38 620 273 .93910 556 186 92808 422 
39 431 079 720 259 92979 597 208 
40 238 93882 518 148 770 385 .91992 
41 042 682 314 92940 558 170 774 
42 93842 478 107 729 344 91952 554 
43 639 271 .92897 516 128 233 332 
44 433 062 685 301 ‚91910 513 108 
45 226 92852 472 085 692 291 ‚90884 
46 017 640 257 91868 472 069 660 
47 ‚92806 426 041 649 250 90845 434 
48 593 211 ‚91823 429 028 621 207 
49 379 91995 604 208 ‚90805 396 ‚89979 
50 162 776 384 ‚90985 580 168 750 
(continued) 
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TABLE 293.—DENSITY OF MIXTURES OF ETHYL ALCOHOL AND WATER 


Percent 
С.Н5ОН 
by weight 


50 


799235 


670 
360 
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IN g/ml (concluded) 


FOC 
91384 
160 
90936 
711 
485 


258 
031 


Temperatures 
2576 
‚90985 
760 
534 
307 
079 


‚89850 
621 
392 
162 

‚88931 


699 
466 
233 
‚87998 
763 


527 
291 
054 
.86817 
579 


340 
100 
.85859 
618 
376 


134 
‚84891 
647 
403 
158 


83911 


40°С 


‚89750 


519 
056 


.88823 


589 
356 
122 


.87888 


653 


417 
180 


.86943 


705 
466 


227 


„85987 


747 
507 
266 


025 


„84783 


540 
053 


‚83809 


564 
319 


.82827 


578 
329 
079 


.81828 


576 


222 
067 


8081 


552 
291 


028 


79761 


491 
220 


‚78947 


670 
388 


‚77806 


507 
203 





304 


TABLE 294.—DENSITY OF AQUEOUS MIXTURES OF METHYL ALCOHOL, 
CANE SUGAR, OR SULFURIC ACID 








Percent Methyl 
by weight alcohol 
of С 
substance 4? 
0 .99913 
1 .99727 
2 99543 
3 ‚99370 
4 99198 
5 .99029 
6 .98864 
7 98701 
8 98547 
9 98394 
10 (98241 
11 98093 
12 97945 
12 97802 
14 97650 
15 97518 
16 97377 
17 97237 
18 .97096 
19 .96955 
20 .96814 
2l .96673 
22 .96533 
23 .96392 
24 .96251 
25 96108 
26 95963 
27 .95817 
28 .95668 
29 .95518 
30 95366 
31 95213 
22 95056 
93 .94896 
34 .94734 
35 .94570 
36 .94404 
37 .94237 
38 .94067 
39 .93894 
40 .93720 
41 .93543 
42 .93365 
43 .93185 
44 .93001 
45 .92815 
46 .92627 
47 .92436 
48 .92242 
49 .92048 
50 .91852 


Cane 
sugar 
20° 

.998234 
1.002120 
1.006015 
1.009934 
1.013881 


1.017854 
1.021855 
1.025885 
1.029942 
1.034029 


1.038143 
1.042288 
1.046462 
1.050665 
1.054900 


1.059165 
1.063460 
1.067789 
1.072147 
1.076537 


1.080959 
1.085414 
1.089900 
1.094420 
1.098971 


1.103557 
1.108175 
1.112828 
1.11726 
1.122294 


1.126984 
1.131773 
1.136596 
1.141453 
1.146345 


1.151275 
1.156238 
1.161236 
1.166269 
1.171340 


1.176447 
1.181592 
1.186773 
1.191995 
1.197247 


1.202540 
1.207870 
1.213238 
1.218643 
1.224086 


1.229567 
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Sulfuric 
2 

D p С 

09030 
1.00506 
1.01178 
1.01839 
1.02500 


1.03168 
1.03843 
1.04527 
1.05216 
1.05909 


1.06609 
1.07314 
1.08026 
1.08744 
1.09468 


1.10199 
1.10936 
1.11679 
1.12428 
1.13183 


1.13943 
1.14709 
1.15480 
1.16258 
1.17041 


1.17830 
1.18624 
1.19423 
1.20227 
1.21036 


1.21850 
1.22669 
1.23492 
1.24320 
1.25154 


1.25992 
1.26836 
1.27685 
1.28543 
1.29407 


1.30278 
131157 
1.32043 
1.32938 
1.33843 


1.34759 
1.35686 
1.36625 
1.37574 
1.38533 


1.39505 


Percent 
by weight 
of 
substance 


50 


Methyl 
alcohol 
159 


Da, © 
91852 
‚91653 
91451 


‚91248 
91044 


90839 
90631 
90421 
90210 
89996 


‚89781 
89563 
89341 
89117 
‚88890 


‚88662 
‚88433 
‚288203 
87971 
87749 


87507 
„87271 
„87033 
„86792 
„86546 


„86300 
‚86051 
‚85801 
85521 
85300 


85048 
‚84794 
‚84536 
„84274 
‚84009 


83742 
83475 
83207 
„82937 
„82667 


„82396 
‚82124 
‚818649 
‚81568 
‚281285 


‚80999 
80713 
80428 
‚80143 
‚79859 


79577 


Cane 
sugar 
20° 

1.229567 
1.235085 
1.240641 
1.246234 
1.251866 


1.257999 
1.263243 
1.268989 
1.274774 
1.280595 


1.286456 
1.292354 
1.298291 
1.304267 
1.310282 


1.316334 
1.322425 
1.328554 
1.334722 
1.340928 


1.347174 
1.353456 
1.359278 
1.366139 
1.372536 


1.378971 
1.385446 
1.391956 
1.398505 
1.405091 


1.411715 
1.418374 
1.425072 
1.431807 
1.438579 


1.445388 
1.452232 
1.459114 
1.466032 
1.472986 


1.479976 
1.487002 
1.494063 
1.501158 
1.508289 


1.515455 
1.522656 
1.52989] 
1.537161 
1.544462 


1.551800 


Sulfuric 
it 

D 45 С 
1.39505 
1.40487 
1.41481 
1.42487 
1.43503 


1.44530 
1.45568 
1.46615 
1.47673 
1.48740 


1.49818 
1.50904 
1.51999 
1.53102 
1.54213 


1.55335 
1.56460 
1.57295 
1.58739 
1.59890 


1.61048 
1.62215 
1.63384 
1.64560 
1.65738 


1.66917 
1.68095 
1.69268 
1.70433 
1.71585 


1.72717 
1.73827 
1.74904 
1.75943 
1.76982 


1.77860 
1.78721 
1.79509 
1.80223 
1.80864 


1.81438 
1.81950 
1.82401 
1.82790 
1.83115 


1.83368 
1.83548 
1.83637 
1.83605 
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TABLE 295.—DENSITY, BRIX, AND BAUME DEGREES, OF CANE-SUGAR 
SOLUTIONS 


Degrees Brix, specific gravity, and degrees Baumé of sugar solutions. 
Degrees Brix — percent sucrose by weight. 


Specific gravities and degrees Baumé corresponding to the degrees Brix are for 


20 
205 ©: 


The relation between the specific gravity and degrees Baumé is given by degrees Baumé = 
45 


145 — 


Degrees 
Brix or 
percent 
Ка позе 
у 
weight 


О-о Oo Ota Ct 


== eek рана peed mh 
оэоооосо ооо оо о Б 


pb pi pd bd 
ONAN 
> => ===> 


Ip 


20.0 
21.0 
22.0 
23.0 
24.0 
25.0 


27.0 
28.0 
29.0 


30.0 


32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 


Specific 
gravity at 
20°/20°C 
1.00000 

1.00389 
1.00779 
1.01172 

1.01567 

1.01965 
1.02366 
1.02770 
1.03176 
1.03586 


1.03998 
1.04413 
1.04831 
1.05252 
1.05677 
1.06104 
1.06534 
1.06968 
1.07404 
1.07844 


1.08287 
1.08733 
1.09183 
1.09636 
1.10092 
1.10551 
1.11014 
1.11480 
1.11949 
1.12422 


1.12898 
1.13378 
1.13861 
1.14347 
1.14837 
1.15351 
1.15828 
1.16329 
1.16833 
1.17341 


specific gravity 


Degrees 
Baumé 


(modu- 

lus 145) 
.00 
.56 
1.12 
1.68 
2.24 
2.79 
2.55 
3.91 
4.46 
5.02 


957 
SENS 
6.68 
7.24 
7.79 
8.34 
8.89 
9.45 
10.00 
10.55 


11.10 
11.65 
12.20 
12.74 
13.29 
13.84 
14.39 
14.93 
15.48 
16.02 


16.57 
17.11 
17.65 
18.19 
18.73 
19.28 
19.81 
20.35 
20.89 
21.43 


Degrees 
Brix or 
percent 
ея 
weight 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 


50.0 
51.0 
52.0 
53.0 
54.0 
55.0 
56.0 
57.0 
58.0 
59.0 


60.0 
61.0 
62.0 
63.0 
64.0 
65.0 
66.0 
67.0 
68.0 
69.0 


70.0 
71.0 
72.0 
73.0 
74.0 
75.0 
76.0 
77.0 
78.0 
79.0 


Specific 
gravity at 
208/206 

1.17853 

1.18368 

1.18887 

1.19410 

1.19936 

1.20467 

1.21001 

1.21538 

1.22080 

122625 


1.23174 
1.23727 
1.24284 
1.24844 
1.25408 
1.25976 
1.26548 
1.27123 
1.27703 
1.28286 


1.28873 
1.29464 
1.30059 
1.30657 
1.31260 
1.31866 
1.32476 
1.33090 
1.33708 
1.34330 


1.34956 
1.35585 
1.36218 
1.36856 
1.37496 
1.38141 
1.38790 
1.39442 
1.40098 
1.40758 


Пергеев 
Baumé 
(modu- 
lus 145) 


21.97 
2250 
23.04 
23.57 
24.10 
24.63 
2542 
2570 
26.23 
26.75 


27.28 
27.81 
28.33 
28.86 
29.38 
29.90 
30.42 
30.94 
31.46 
31.97 


32.49 
33.00 
sso 
34.02 
34.53 
35.04 
3935 
36.05 
36.55 
37.06 


37.56 


38.55 
39.05 
39.54 
40.03 
40.53 
41.01 
41.50 
41.99 


Degrees 
Brix or 
percent 
sucrose 
by 
weight 


80.0 
81.0 


сас оше ә 


аиа t 
> 


охо 
КОСО 
Soc 


100.0 


Specific 
gravity at 
2077 20°C 

1.41421 

1.42088 

1.42759 

1.43434 

1.44112 

1.44794 

1.45480 

1.46170 

1.46862 

1.47559 


1.48259 
1.48963 
1.49671 
1.50381 
1.51096 
1.51814 
1552553 
1.53260 
1.53988 
1.54719 


1.55454 


Degrees 
Baumé 
(modu- 

lus 145 


42.47 
42.95 
43.43 
43.9] 
44.38 
44.86 
45.33 
45.80 
46.27 
46.73 


47.20 
47.66 
48.12 
48.58 
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306 TABLES 296-300. —VELĽLOCII T Or SOUND * 


TABLE 296.—VELOCITY OF SOUND IN GASES '5 


Temp. Velocity Temp. Velocity 

Gas "С п1/ вес Gas ы: m/sec 
АЧС s essit 0 22124 Hydrogen bromide ...... 0 200 
b LEN XM lusso 0 3320 Hydrogen chloride ...... 0 296 
4 МПЦ... 0 334.7 у ровен зоф де ..-- == 0 157 
р О Е 0 350.6 Hydrogen sulfide ....... 0 289 

X Ec T с ен 100 386 Шпипабле раз КИНЕ 0 490.4 
E E o а. а а 500 553 Methane-:..... 29 18 0 430 
Б uu NONE so 1000 700 BUCO. lugares ime e n DES 0 435 
DUIS а 0 415 ПЕЧЕ охе 29999 58 10 324 
М ТО... И 0 319 Осел с. сан шаис». 0 334 
Carbon dioxide ......... 0 259 Nitrous oxide 2... 0 263 
Carbon monoxide ....... 0 338 Пхугеп ea 0 0 316 
Chorme NE. loss 0 206 Silicon tetrafluoride .... 0 167 
Ethane o.. O 10 308 Sulfur dioxide =. E 0 213 

Ethylene . 1. 0 317 Vapors: 

Неше... 0 965 alcohol ge mE 0 230.6 

Hydrogen (heavy) ...... 0 890 ether ин ан не 0 179.2 
Hydrogen (light) ....... 0 1284 water SIL D ER 0 401 

MEE UP c И 100 404.8 


* Tables 296 and 298-300 prepared by Urick and Weissler, Naval Research Laboratory. 
?5 Bergmann, Ultrasonics, 3d ed., p. 223, Edwards Brothers, Ann Arbor, Mich., 1944. 


TABLE 297.—VELOCITY OF SOUND IN SOLIDS 


The velocity of sounds in solids varies as V E/p, where /: is Young's modulus of elasticity 
and p the density. These constants for most materials vary through a somewhat wide range. 
The numbers can be taken only as rough approximations to the velocity in any particular case. 
When temperatures are not marked, between 10° and 20° is to be understood. 


р р 
Substance РС m/sec Substance С m/sec 
Арпага. es a. И. 20 2678 Ее а о. ОТ 200 4720 
AE CO MEE LoT 100 2640 ПИ ТТТ Я 20 4990 
ЕЕ PE ous ete 200 2480 “Хы. Ға MEM 100 4920 
ШЕ е-е, 5104 И Ро 200 4790 
Aukhard oen ee eoa e 20 1743 Мр сл A C SEM 4602 
po AE - DES 100 1720 Ма zie cu PME 4973 
Eo COM 2307 Pb i.v ЖОШО. 1522 
to о о ИЕ hc N 4724 Pd мос Ге 3150 
ОШ ЛК ТТ ШЫЙ 20 3560 Pt аса ЕТ 20 2690 
м 100 3290 “ы Шен s RE 100 2570 
M o ыла. И 200 2950 о a 200 2460 
i Se a E 20 5130 SM osia ere 2500 
И о И 100 5300 ZN: ona бос О ШШЕ 3700 
Ash, along the fiber........ 4670 Вск о о 0 3652 
ЖЕ across the rings- a 1390 Clay rock РИ EM 3480 
ор Ш Е 1260 Сок ORE 500 
Beech, along the fiber...... 3340 Granite desen e ш. ЖЕ 3950 
2-7 аста ийе ТІР 1840 Marble ac... - EROS 3810 
* A along the rings ..... 1415 Paraffin moe eare e a 15 1304 
Еи аіопв (е рег ge: 4120 ӘЛЕ НИИ 4510 
С асгоѕѕ (бе rings- 1420 Tallow ЖО И 16 390 
along henges. 2... 1013 Tul Е ee 2 2850 
Fir, along the nber... m 4640 СІ from 5000 
Mahogany, along the fiber.. 4135 Ре {0 6000 
т ет Der Tm Ern lvory ES ОШОО 3013 
ak, along the бег. 67 850 у 0 54 
Pine, along the fiber........ 3320 Vul. rubber (black)........ 50 31 
Poplar, along the fiber..... 4280 К F (те 0 69 
Sycamore, along the fiber... 4460 Ж e песн 70 34 
Махаа M РИИ 17 880 
ы ыы И 28 441 
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Liquid 
Acetone —.... 


TABLE 298.—VELOCITY OF SOUND IN LIQUIDS ® 


Temper- 
ature 
о 


зоо 


Alcohol, abs. ethyl °... 


Alcohol methyl ° 


Alcohol, n-dodecyl* . 


Benzene 9$... 


воо о о о 


Carbon disulfide" .... 
Carbon tetrachloride *. 


Chloroform” .. 
[ther eee. 
Ethylene glycol * 
Gly ceritics ae... 
Нертапе ШЕ... 
Heptene! ...... 
Heptyne* ..... 
Hexadecafluoro- 

heptane aa... 
Mercury o.. 
Methylene iodide 


em ea te 


оао оь s» 


s...» 


oer ee ee 
oe ee ewe 
.. а... 


а 


20 


Sound | 
velocity Density 
m/sec g/ml 


1146 ‚7788 
1127.4  .7809 
1088.9 7.7816 
1388.0 .8269 
1276.4 .8685 
149 1258 
905.8 1.5746 
1002 1.488 
949 .7019 
1643.5 1.1068 
1905 12553 
1112 1759 
1082 .6910 
1159.3  .7243 


528.8 1.64 
1451 13.595 
073-308 3309 


Temper- 

ature 

Liquid “С 

Silicon tetrachloride* . 30 

Silicone 

DC 5008965 cs* a... 30 

Ве Пс"... 30 

Ре -0 55 *...... 30 
Sorbitol, 839% solution 

Ма а ак 30 

Пара ет и, 27 

Water (distilled) * ... 0 

10 

20 

30 

40 

50 

60 

70 

80 

86 

94 


307 


Sound | 
velocity Density 
m/sec g/ml 


766.2 1.4622 


9732 555 
9538 .9083 
981.6 .9540 


2040 1.31 
1280 .893 
1403.5 
1448.0 
1483.1 
1509.9 
1529.5 
1543.5 
[551.5 
1555.3 
1554.6 
1552.4 
1549.0 


^ References: a, Weissler, A., Journ. Amer. Chem. Soc., 1948 and 1949; also unpublished work with 
V. A. Del Grosso. b, Bergmann, L., Ultrasonics, 3d ed., 


c, Rao, M. R., Ind. Journ. Phys., vol. 14, p. 109, 1940. d, Lagemann, R. 


|; ета, 


p. 175, Edwards Brothers, Ann Arbor, Mich., 1944. 
Journ. Chem. Phys., vol. 16, 


b 247, 1948; Journ. Amer. Chem. Soc., vol. 70, p. 2994, 1948. e, Randall, C. R., Nat. Bur. Standards Journ. 
es., vol. 8, р. 95, 1932. 


Deptb 
in 

meters °С 
0 0 
10 
B 20 
Б 30 
0 0 
46 10 
“ 20 
| 30 
400 0 
“ 10 
“ 20 
“ 30 
3000 0 


TABLE 299.—VELOCITY OF SOUND IN SEA WATER 
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(From various tables and formulae) 


Heck & 
Service 
1445 
1482 
1508 


1450 
1489 
1514 


1454 
1492 
1518 


1490 
1498 


Wood 
1445 
1484 
1515 
1538 


1450 
1488 
1519 
1543 


Meters per second 


Br. Adm. 


1927 
1440.3 
1481.9 
1514.3 
1539.0 


1445.3 
1486.6 
1518.6 
1543.0 


1452.6 
1493.8 
152528 
1550.3 


1494.7 
1499.7 


Br. Adm. 
1939 
1440.2 
1481.9 
1514.3 
1538.9 


1445.4 
1486.7 
1518.7 
1543.1 


14527 
1493.9 
1525.9 
1550.4 


1494.6 
1499.8 


Kuwahara 
1440.3 
1482.0 
1514.3 
1539.1 


1445.5 
1486.8 
15187 
15432 


1452.8 
1494.] 
15298 
1550.6 


1494.4 
1499.8 


308 TABLE 300.—VELOCITY OF SOUND IN SEA WATER—DEPTH —0 


о 
о 


ЮО боме сл A O N о 


30 


* Salinity (parts per thousand). 
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5" — 8 Г ppt 
1440.3 
44,8 
49,4 
53.8 
58.1 


1462.3 
66.5 
70.5 
74.5 
78.3 


1482.0 
85.7 
592 
92.7 
96.0 


1499.3 
1502.5 
05.6 
08.6 
Ines 


1514.3 
177 
19.8 
22.4 
25.0 


15275 
29.9 
923 
34.6 
36.9 


1939 


( From Kuwahara) 


— OI ppt 


1442.9 
47.4 
S) 
56.4 
60.6 


1464.8 
68.9 
73.0 
76.9 
80.7 


1484.4 
88.0 
91.6 
95.0 
98.3 


1501.6 
04.7 
07.9 
10.8 
1327 


1516.5 
19.3 
220 
24.6 
27.1 


1529.6 
32.0 
34.3 
36.6 
39.0 


1541.2 


Meters per second 


S = 35ipnt 


1445.5 
50.0 
54.5 
58.9 
63.1 


1467.3 
71.4 
75.4 
79.3 
Gol 


1486.8 
90.4 
922 
9719 

1500.6 


1503.9 


5.5 47 Бре 


1448.1 
9276 
54.1 
61.4 
65.6 


1469.8 


77.9 
81.7 
85.5 


1489.2 
92.8 
96.3 
9916 

1502.9 


1506.2 


45.1 
1547.3 


TABLES 301-310A.—ACOUSTICS * 309 


TABLE 301—RELATIVE POWER AND FREQUENCY OF OCCURRENCE OF 
VOWEL AND CONSONANT SOUNDS” 





Vowels 
Vowel Relative Vowel Relative 
indicated frequency indicated frequency 
by italics Relative of occur- by italics Relative of occur- 
in words power rence in words power rence 
SECT ыш: 220 6.4 РЕ 680 4.2 
ТЕ ots 260 10.3 ТОПО ЫЕ у у. ro. 470 4.7 
late 2222222 370 4.8 {00{ 222222... 460 3.0 
о и ote a! 350 6.6 SOOM ЖОООК 310 6.3 
SOME oue. 490 6.9 ӘНЕУ БЕ. 510 4.1 
гае... 600 6.5 
Initial and final consonants 
Relative Relative 
frequency of frequency of 
Rela- occurrence Rela- оссчггепсе 
tive и tive о mm 
Consonant power Initial Final Consonant power Initial Final 
p PUN i 6 2.5 112 E 16 5.5 81 
В... 7 4.6 4 ZAR IM ‚16 23 6.0 
К 0... 13 5.6 2.9 zh (asure) мш) .02 01 
РИ ООО Е 15 4.3 4 lc не 80 IE a 
ЕТ... 15 7.9 14.3 D roce 52 5.9 5.5 
dE m.s 7 6.2 4.4 nap ыг»; 36 5.0 12.5 
NEM "seu 5 5.0 12.5 noce osos 73 T 3.6 
EE o oou 12 13 4.2 МЕЛІ а, 100 4.3 8.4 
th (voiced) ... Ш 6.7 r3 ТИГУ. О, 210 2.8 13.1 
th (unvoiced) . 1 6.7 1.3 GEM... 42 6 Б 
Ты ек 23 ‚8 aL 





* Data selected and arranged by Cyril M. Harris, Bell Telephone Laboratories. т 
100 Fletcher, H., Speech and hearing, p. 74, D. VanNostrand, 1929. French, Carter, and Koenig, 
Bell System Techn. Journ., vol. 9, p. 290, 1930. 


TABLE 302—SOUND LEVELS OF NOISE IN VARIOUS LOCATIONS 


It is customary to compare the pressure of all sounds in air with 0.0002 dynes/cm’. The 
sound-pressure level of waves having a r.m.s. sound pressure of f dynes/cm? is defined as 
20 logio (p/0.0002) decibels. 

n following table gives some typical values of sound levels of noise in the locations 
indicated : 





Sound Sound 

level level 

Location in db Location in db 

Electric power station, Average oce TEES es vd 55 

generating LrOOmM ЕЕ 120 Average residence with radio...... 50 

oiler {actos ШЕ... 110 Average residence without radio... 43 

Subway station, train passing...... 100 Оше residence a. m eieae ee 35 

SUreelcap aoc CREER So D 85 Radio broadcast studio -TE 30 

AC LOL yeni A E a e a 75 Reference level, .0002 dynes/cm?... 0 
large оге ДОО e eee 65 





t The bel is a dimensionless unit for expressing the ratio of two values of power, the number of 
bels being the logarithm to the base 10 of the power ratio. . 

The decibel, abbreviated db, is one-tenth of a bel. When conditions are such that scalar ratios of 
pressure amplitudes or particle velocities are the square roots of the corresponding power ratios, the 
number of decibels by which the corresponding powers differ is expressed by 


20 log (P,/P,) db 
where p,/p, represents the scalar ratio. This relationship is frequently applied where the scalar ratio 


is not the square root of the corresponding power ratio, but such usage should be accompanied by a 
specific statement of application. 
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310 TABLE 302A.—SPEECH POWER (Fig. 1) 


In a study conducted by Dunn and White," the “long-time-interval average” power of 
speech, obtained by averaging data over time intervals of more than a minute of continuous 
speech, for the average of a group of male speakers was found to be 34 microwatts. The 
corresponding value for female speakers was 18 microwatts. At least 1 percent of the 
-second intervals had an average power in excess of 230 microwatts for men and 150 
microwatts for women, and a peak power in excess of 3600 microwatts for men and 1800 
microwatts for women. The figure shows how the total power of average conversational 
speech is distributed with respect to frequency. These data give the power per cycles 
versus frequency and also the percentage power lying below a given frequency. 


,IN DB 
о г 


C SPEECH POWER РЕКЕЄТС ГЕ 
Ah 





TOTA 


60 100 200 500 1000 2000 5000 10000 
FREQUENCY IN CYCLES PER SECOND 
Fic. 1.—Speech power for men (continuous curves ) and women (dotted curves) given 


in percentage power below any frequency. Curves A and B, power per cycle, curves C and 
О, О db = 1 microwatt. 


PERCENT SPEECH POWER BELOW ANY FREQUENCY 


101 Dunn, H. K., and White, S. D., Journ. Accoust. Soc. Amer., vol. 11, p. 278, 1940. 


TABLE 303.—PEAK POWER OF MUSICAL INSTRUMENTS 1° 
—  ———— — ———————  _ о И 


Watts Watts Watts 

Orchestra, Cymbals ...... ae 10 Piccolo... Ия .08 
75: Pieces) cee 70 Trombone .....39 6 о. 06 
Bass drum, large.. 25 Шап”... K Clarinet E .05 
Pipe organ ....... 13 Trumpet o s.erar.. 29 Ктепсһ ћогп ...... .05 
Snargmdrum аж... 12 Bass viol seee aa 2 Ятар ей .05 


ааа Ела — cc — Е Ш 
192 Sivian, L. J., Dunn, H. K., and White, S. D., Journ. Acoust. Soc. Amer., vol. 2, p. 330, 1931. 
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TABLE 304.—CHARACTERISTIC RESONANCE VALUES OF 311 
SPOKEN VOWELS% 


The “pitch” of one’s voice, i.e., his fundamental frequency, fluctuates considerably during 
conversational speech, and there is a great deal of variation from individual to individual. 
The average fundamental frequency for the average male voice in conversational English 
speech is in the neighborhood of 130 cps, while the corresponding value for the female voice 
is 230 cps. 

The vocal cords, housed in the larynx, emit a pressure wave that is essentially “sawtooth” 
іп character. The numerous harmonics that result from this complex wave form are selec- 
tively transmitted to the open air. The throat, mouth, nose, and constrictions formed by the 
tongue and lips are most important in determining the frequency characteristics of the 
transmission system. The pressure spectrum of speech has many peaks. Apparently vowel 
sounds are distinguished by the position of these resonant peaks. The following table gives 
representative frequencies of the first two principal resonant peaks for different vowel 
sounds spoken by the average male adult: 





Frequency Frequency Frequency Frequency 
of 1st of 2d of 1st of 2d 
Vowel in- principal principal Vowel 1п- principal principal 
dicated by resonant resonant dicated by resonant resonant 
italics in peak peak italics in peak peak 
the words cps cps the words cps cps 
SOME ore 290 2379 П 600 900 
© ШЕ... oes 440 2050 footie a 500 1050 
ltem В 585 1875 a oe 330 900 
БОШ Б чке, 725 1675 Su EE ses 650 1225 
ае и 780 1125 Sit не о ыы 475 1375 


103 Potter, R. K., and Peterson, G. E., Journ. Acoust. Soc. Amer., vol. 20, p. 528, 1948. 


TABLE 305.—APPROXIMATE RANGE OF FUNDAMENTAL FREQUENCY ON 
ORCHESTRAL INSTRUMENTS 


The values given are for average instruments in tune with A440 cps. The lower fre- 
quency limits of some special instruments are indicated in brackets. 


Frequency Frequency 
Tange in range in 
cps cps 

ин м 
Lower Upper Lower Upper 
Instrument limit limit Instrument limit limit 
NAT TUE EET TTE 195 2093 Bb tenor saxophone ..... 103 623 
ҚЫ... rol 1318 Eb baritone saxophone... 69 416 
СПБ сос оне, 65 880 Trompet oeae a 164 1047 
БА Ж О су ай КО (32) Al 262 Frenc a horn 22 61 699 
ОО... М. 587 4186 Тропа... (51) E82 524 
Hte m eee es... ee 261 2043 Басе (пра я 41 234 
ров or EM су ти 239 1397 Piano e. o О 27 4186 
пее Пого Е 164 934 Org ative: sce леу: (16) 192 4186 
Мапе e ors (138) 146 1568 Haco E гу. 92 3136 
Bass clarinet su... (65) 743 467 Soprano тосе а 261 1568 
АЕ ОНИ а TTE 58 623 Tenor Voice aoe ie 123 1174 
( оп(га Ба$500П1.......... 30 175 ANMO VOICE pore EE 174 933 
Eb alto saxophone ...... 138 831 Baritone voice .......... 98 416 
BaSS VOICE ее. 65 294 
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$512 MUSICAL SCALES 


The following definitions and Tables 307 and 308 are taken from the American Stand- 
ard Acoustical Terminology Z24.1, 1949. 


Just scale.—A just scale is a musical scale such that the frequency intervals are repre- 
sented by the ratios of small integers. 


Equally tempered scale.—An equally tempered scale is a series of notes selected from 
a division of the octave (usually) into 12 equal intervals. 


Equally tempered semitone (half-step).—An equally tempered semitone is the inter- 
val between two sounds whose basic frequency ratio is the twelfth root of two. 


NoTEÉ.— The interval, in semitones, between any two frequencies is 12 times the logarithm 
on the base 2 of the frequency ratio. 


Cent.—A cent is the interval between two sounds whose basic frequency ratio is the 
twelve-hundredth root of two. 


Note.—The interval, in cents, between any two frequencies is 1200 times the logarithm 
on the base 2 of the frequency ratio. Thus, 1200 cents = 12 semitones = | octave. 


TABLE 306.—FREQUENCY RATIOS AND INTERVALS FOR JUST AND 
EQUALLY TEMPERED SCALES 


Just temperament Equal temperament 


Frequency Cents Frequency Cents 

ratio from from ratio from from 

starting starting starting starting 

Interval from starting point point point point point 

БЕТПЕ он е Е: 0  ! 0 
Minor second or semitone........ 16:15 111.731 1.059463 :1 100 
МОЕ ГОНЕ Е е е 10:9 182.404 —- —— 
Major second or whole tone...... 9:8 203.910 1.122462 :1 200 
Mitignethirdi:.......4...ss4860.04 6:5 315.641 1.189207:1 300 
Major third е a E 5:4 386.314 1.259921 :1 400 
Реге fourth 22222... 4:3 398.045 1.334840:1 500 
Atigmented fourth ves 45 :32 500.224 1.414214 :1 600 
Ойтїт$һеа АЙҺ ................ 64:45 609777 1.414214:1 600 
есе ПИ ................... 32 701.955 1.498397 :1 700 
Мо ык N e ai a a 825 813.687 1.587401:1 800 
МГА А.е ао 2 5:3 884.359 1.681793 :1 900 
Harmonic minor seventh......... 7:4 958.826 — -- 
Grave minor seventh............. 16:9 996.091 — — 
Minor seventh... DE 9:5 1017.597 1.781797 :1 1000 
Major seventh 2.2... 222. 15:8 1088.269 1.887749:1 1100 
Пе 7 TE | 1200.000 24 1200 
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314 TABLE 309.—SENSITIVITY OF THE EAR (FIG. 2) 


The minimum effective sound pressure of a specified signal that is capable of evoking an 
auditory sensation is called the threshold of audibility for that signal. The characteristics 
of the signal, the manner in which it is presented to the listener, and the point at which 
the sound pressure is measured must be specified. Two classes of ear-sensitivity deter- 
minations are shown in figure 2. M.A.P. is just-audible sound pressure measured at the 
observer's ear drum. M.A.F. is the sound pressure level that is just audible to an observer 
in an acoustical field free of reflecting surfaces (the sound-pressure level is measured after 
the observer’s head is withdrawn from the field) ; the observer faces the source of sound 
and listens binaurally. These curves were derived by Sivian and White from measurements 
on young adult observers all having very good hearing." The average person cannot detect 
pressures as low as those given. He will have a threshold curve displaced upward on the 
chart. (See Table 309A for data on hearing losses.) 


80 


5 © 


DECIBELS 
N 
O 





50 100 500 1000 5000 І0000 
FREQUENCY IN CYCLES PER SECOND 


Fic. 2.— The variation of two classes of ear sensitivity. Curve 1, Monaural M.A.P. The 
ordinate for curve 1 is 20 logio p/po where p= M.A.P. at ear drum (dyne/cm?) and ро = 
2X10- (dyne/cm?). Curve 2, Binaural M.A.F. Observer facing source. (0 db — 107” 
watts/cm’). 


The term “differential sensitivity of frequency and intensity" refers to the. smallest 
changes in frequency and intensity, respectively, that can be perceived by an observer with 
normal hearing. The values depend to some extent on the method of presentation of the 
test stimuli. For pure tones above 500 cps having levels greater than 40 db above threshold, 
the measurements of Shower and Biddulph indicate that the smallest perceptible difference 
in frequency has the approximate constant value of 0.3 percent. For levels greater than 
40 db above threshold and for frequencies between 200 and 7000 cps, the measurements of 
Riesz and others indicate that the smallest perceptible difference in intensity varies from 
one-quarter to three-quarters of a decibel. 

The range of frequency perceived by the average ear varies considerably ; however, the 
figures of 20-20,000 cycles are frequently quoted as covering the range heard by the average 
of a group of young adults having no hearing impairments 


16 Sivian, L. J., and White, S. D., Journ. Acoust. Soc. Amer., vol. 4, p. 228, 1933. 
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315 
TABLE 309A.—DISTRIBUTION OF LOSS OF HEARING ACUITY ™ 


The following data are part of the results of the hearing tests conducted by the Bell 
System at the New York and San Francisco World's Fairs in 1939. "The first four columns 
indicate the percentages of the population having hearing losses of 25 db or more at various 
frequencies. A person having a loss of 25 db at all frequencies below 2000 cps may expe- 
rience difficulty in understanding unamplified speech, as in an auditorium or church. The 
second four columns indicate the corresponding percentages for losses of 45 db or more. А 
person having such a loss experiences difficulty in understanding ordinary conversational 
speech at distances greater than 2 or 3 feet. 


25.db loss 45-db loss 
Frequency in cps Frequency in cps 

E 
Age group 440;880 1760 3520 7040 440;880 1760 3520 
10-19 теп ........... 7 1.6 4.5 8.0 .6 6 1.8 
women ........ 1.8 1:2 122 25 ‚6 4 3 
20529"men а es 1.1 1.2 7.0 0.5 1 23 27 
Women ........ 1.8 1.6 22 3.5 4 3 7 
50539 men c esas es 1.8 35 15. 19. 3 6 6.0 
Women seres: 3.5 35 59 10. 1.2 .8 1.6 

40-49 men а aces 5.9 9.5 32. 39. 1.4 2.6 16. 

WOMEN. res 7.0 7.0 11]. 24. 2.1 1.5 J 

50-59 7тпеп ........... 9.5 17. 48. 58. 2.6 6.0 27: 

Опен ers 13 14 22. 43. 40 3.0 7 





106 Steinberg, Montgomery, and Gardner, Journ. Acoust. Soc. Amer., vol. 12, p. 291, 1940. 


TABLE 310.—ARCHITECTURAL ACOUSTICS '* 


Planning for good acoustics in a building requires careful consideration of noise control. 
This includes consideration of the selection of a site, the arrangement of the rooms within 
the building, the selection of the proper sound-insulation constructions, and the control of 
noise sources within the building. The design of a room where people gather to listen to 
speech or music should be such that its shape and size will ensure the most advantageous 
flow of properly diffused sound to all auditors. Absorptive and reflective materials and 
constructions should be selected and distributed to provide the optimum conditions for the 
growth, decay, and steady-state distribution of sound in the room. The reverberation 
characteristics of the room are controlled by the amount and placement of the absorptive 
material. 


Reverberation time calculations.— Because of the importance of the proper control 
of reverberation in rooms, a standard of measure called reverberation time has been estab- 
lished. This is the time required for a specified sound to die away to one-thousandth of its 
initial pressure, which corresponds to a drop in sound-pressure level of 60 db. The 
reverberation time of a room is given by the following equation: 


ee 0.0497 6 
ӨЛІ е (уо) Мн 


where V is the volume of the room, S is the total surface area in square feet, and OC is the 
average absorption coefficient for the room given by 

ЭС == СС, Si + OC2S2 +03 S3 + JONG = а 
Si + 5% + 5% + зодвоос S 


where CC; is the absorption coefficient of the area Sı, etc. 

The second term in the denominator, 4mJV, represents the effective absorption in the 
room contributed by the air. The attenuation coefficient »t at each frequency depends upon 
the humidity and temperature of the air. Except in very large rooms the absorption in air 
can be neglected below about 2000 cps. The values of m for a temperature 68°F are given 
in figure 3 as a function of relative humidity for a number of frequencies. 


107 Taken from Acoustical designing in architecture, by V. O. Knudsen and C. M. Harris, John Wiley 
& Sons, 1949. Used by permission of the publishers. 


(continued) 
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е TABLE 310.—ARCHITECTURAL ACOUSTICS (concluded) 
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ATTENUATION COEFFICIENT mMm PER FOOT 


О 
О 10 20 30 40 50 60 ТО 80 90 
REEMIVE HUMIDITY IN PER CENT 


Fic. 3—Attenuation coefficient m per foot as a function of humidity. 


TABLE 310A.—OPTIMUM REVERBERATION TIME (FIGS. 4 AND 5) 


The following figures give the recommendations of Knudsen and Harris for optimum 
reverberation time for different types of rooms as a function of room volume. The optimum 
times for speech rooms, motion-picture theaters, and school auditoriums are given by a 
single line; the optimum time for music by a broad band. The optimum reverberation time 
is not the same for all kinds of music. For example, slow organ and choral music require 
more reverberation than does a brilliant allegro composition played on woodwinds, piano, 
or harpsicord. 

Тһе optimum reverberation time vs. frequency characteristic for a room can be obtained 
from these charts in the following manner: After having specified the volume and purpose 
of the room, determine the optimum reverberation time at 512 cycles from the upper chart. 
Then, to obtain optimum reverberation time at any other frequencies multiply the 512-cycle 
value by the appropriate ratio R which is given in the lower chart. Note that FR is unity 
for frequencies above 500 cycles, and is given by a band for frequencies below 500 cycles. 
The ratio R for large rooms may have any value within the indicated band; preferred 
ratios for small rooms are given by the lower part of the band. 


(continued) 
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TABLE 310A.—OPTIMUM REVERBERATION TIME (FIGS. 4 AND 5) 
(concluded) 
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Fic. 4—Optimum reverberation time as a function of volume of rooms for various types of 
sound for a frequency of about 512 cycles per second. 
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Fic. 5.—Ratio of the reverberation time for various frequencies as a function of the 
reverberation for 512 cycles per second. 
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ТӨРЕВЕС Of1-338-—VISCOSITY GF Шо АМО ЗОР” 


The coefficient of viscosity of a substance is the tangential force required to 
move a unit area of a plane surface with unit speed relative to another parallel 
plane surface from which it is separated by a layer of the substance a unit thick. 
Viscosity measures the temporary rigidity it gives to the substance. 

Fluidity is the reciprocal of viscosity expressed in poises. Kinematic vis- 
cosity is absolute viscosity divided by density. Specific viscosity 15 viscosity 
relative to that of some standard substance, generally water at some definite 
temperature. The dimensions of viscosity are ML'T'. It is generally ex- 
pressed in cgs units as dyne-second per cm? or poises. 

The viscosity of fluids is generally measured by one of several methods 
depending on the magnitude of the viscosity value to be measured. For vapors 
and gases as well as for liquids of low viscosity, measurements of viscosity are 
made by the rate of flow of the fluid through a capillary tube whose length is 
great in comparison with its diameter. The equation generally used is 


4 2 
7, {Пе viscosity, = sy т") 


where y is the density (g/cm?), d and / are respectively the diameter and 
length in cm of the tube, Q the volume in cm? discharged in : sec, A the 
Couette correction to the measured length of the tube, h the average head in cm, 
m the coefficient of kinetic energy correction, mv?/g, necessary for the loss of 
energy due to turbulent, in distinction from viscous, flow, g being the accelera- 
tion of gravity (cm/sec?), v the mean velocity in cm/sec. (See Herschel, Nat. 
Bur. Standards Techn. Pap. Nos. 100 and 112, 1917-1918, for discussion 
of this correction and A.) 

For liquids of medtum and high values of viscosity measurements are made 
by Margule’s method of observing the torque on the inner of two concentric 
cylinders while the outer is rotated with constant angular speed with the vis- 
cous liquid filling the space between, or by noting the rate of fall of a solid 
sphere through the liquid. 

For the method of concentric cylinders the equation 1s 


ке(ка— Ку. 
470 №2 fes ШЕ 


where A denotes the elastic constant of the torsion member supporting the 
inner cylinder of radius R, cm and length L cm, 0 15 the angular displacement 
of the inner cylinder from its position of equilibrium, Q the angular speed of 
the outer rotating cylinder of radius R, cm in the corresponding units em- 
ployed to measure 6. The necessary corrections due to end effects of cylinders 
of finite length are given in the reference.!?* 

For the falling sphere method, the equation is that of Stokes law as modified 


Ри Cr Hunter: 
R*?5 
ra 


4 (1433 2) 
h 


where y denotes the radius in cm of the crucible containing the liquid of density 
d, (g/cm?), to a depth of h cm, R the radius in cm of the sphere of density d, 
(g/cm?), and V the velocity (cm/sec) of the falling sphere. 


т", the viscosity, = 


5 НЕ р 
5, the viscosity, = 9 


* The data on viscosity were selected and arranged by George V. McCauley, Corning 
Glass Works. 

** Lillie, H. R., Journ. Amer. Cer. Soc., vol. 12, p. 505, 1929. 

9 Hunter, R. G., Journ. Amer. Cer. Soc., vol. 17, p. 123, 1934; Ann. d. Phys., ser. 4, 
vol. 22, p. 287, 1907 ; vol. 23, p. 447, 1907. 
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For very viscous materials, measurements of viscosity are made by noting 
the rate of elongation of fibers under load or by observing the aperiodic motion 
of an elastic system displaced from its position of equilibrium and damped by 
the viscous material. 

The formula for the rate of elongation of fibers as employed by H. R. 
lente?" 15 
ү Е 

ЗтКЕ C 


where A is the radius in cm of the fiber of effective length, L (cm), g the 
mass in grams of the attached load, & the acceleration of gravity (cm/sec?), 
and ЕЁ the rate of elongation in cm/sec. 

For the aperiodic motion of the system consisting of the suspended inner 
cylinder of Margule’s apparatus described above, the formula is 


. . арг ^ RER Е 
т, the viscosity, = А1 Е i Er) 
4rL logio = Ы. 


10 6, 

where f; and f, denote the times in seconds of angular positions 0; апа 6, of the 
suspended system from its position of equilibrium. The other characters have 
the same significance as in the formula above for the rotating cylinder method 
of measuring viscosity. (For reference, see footnote 108.) 

The viscosity of solids may be measured 1n relative terms by the damping 
of the oscillations of suspended wires (see Table 323). Ladenburg (1906) 
gives the viscosity of Venice turpentine at 18.3° as 1300 poises; Trouton and 
Andrews (190%) of pitch at 0°, 51x10", at 15°, 1.3 10'°; of shoemaker’s 
wax at 8°, 4.7 x 10°; of soda glass at 575°, 11 x 10'?; Deeley (1908) of glacier 
ceas 12x10. 


n Lillie, H. R., Journ. Amer. Cer. Soc., vol. 14, p. 502, 1931. 


5, the viscosity, = 


TABLE 311.—VISCOSITY OF WATER IN CENTIPOISES 


(Temperature variation) 


Part 1.—Low temperature 





Vis- Vis- Vis- Vis- Vis- Vis- Vis- 
cosity cosity cosity cosity cosity cosity cosity 
cp SC cp E £ cp В ср ыс ср Ре ср 


ср 
1.7921 10 1.3077 20 1.0050 30 8007 40 6560 50 .5494 60 .4688 
1.7313 11 1.2713 21 .9810 31 .7840 41 .6439 51 .5404 65 .4355 
Шер ОЗО 2279299 92 709 2 632) 2 550 00 
1.6191 ІЗ 712005598823 Оз Му 7521 43 5207 55 22202758070 
1.5674 14 11709 24 9142 34 7371 44 .6097 54 .5146 80 .3565 


15188 15 114044725 25207 35 /225 45 598 55 50047-05 00555 
1.4728 16 11111 20 8737 30 7085 46 593 56 4985 290 5169 
1.4284 17 1.0828 27 .8545 37 .6047 47 .5782 57 .4907 95 .2994 
1.3860 18 1.0559 28 .8360 38 .6814 48 .5683 58 .4832 100 .2838 
1.3462 19 10299 29 8180 39 6685 49 5588 59 4/59 153 181 


| о 
Чо осал >с» сок = су 


(continued) 
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TABLE 311.—VISCOSITY OF WATER IN CENTIPOISES (concluded) 
Part 2.—High temperature ::: 


°С 
130 
195 
140 
145 
150 


Vis- 
cosity 
cp 


199 
191 


ШЕ 


Vis- 
cosity 
ср 
184 
178 
173 
.166 
.160 


Vis- 


cosity 


о 


180 
185 
190 
195 
200 


ср 
159 
151 
‚146 
143 
159 


111 Based on measurements by Shugayev, V., Journ. Exp. and Theoret. Phys. 
p. 760, 1934. 


Сл (0C 


Vis- 
cosity 
ср 
Dos 
2.10 
1.99 
1.90 


Part 3.—Viscosity of heavy water in centipoises 112 


99.6576 D;O ; d," = 1.10495 


°С 


1 


8 
9 
0 
11 


Vis- 


cosity 


cp 

1.81 
1.73 
1.67 
1.61 


1? Data by Lemond, Henri, Compt. Rend 


Vis- 
cosity 
cp 
1.56 
1.51 
1.46 
1.41 


МИМО 212. р. 81, 1946 


°С 
205 
210 
215 
220 
225 


Vis- 
cosity 

Cp 
.136 
.134 
ASI 
129 
128 


(0.5.5.Е) тог 


Vis- 
cosity 
cp 
1537 
15353 
1.29 
1:25 


TABLE 312.—VISCOSITY OF ALCOHOL-WATER MIXTURES IN CENTIPOISES 


С 0 
0 1.792 
54477012310 
10 1.308 

15 1.140 

20 1.005 

25 ‚894 

30 801 

Jo 22 

40 ‚656 

45 [599 

50 .549 

60 .469 

70 ‚406 

60 .356 
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10 
Gol 
2.5/7 
2179 
1.792 
1.538 


1.323 
1.160 
1.006 


.812 
.734 


.609 
‚514 
‚430 


20 
5.319 
4.065 
3-165 
2.618 
2.183 


1.815 
1553 
10332 
1.160 
1.015 

907 


.736 
‚608 
‚505 


30 
6.94 
5.29 
4.05 
3.20 
2.71 


2.18 
1.87 
1.58 
1.368 
1.189 
1.050 


.834 
.683 
.567 


(Temperature variation) 


Percentage by weight of ethyl alcohol 


35 


40 
7.14 
5.59 
4.39 
952 
291 


2.35 
2.02 
1.72 
1.482 
1.289 
1.132 


893 
427 
.601 


45 
6.94 
5.50 
4.35 
3-5] 
2.88 


2.39 
2.02 
1778 
1.495 
1.307 
1.148 


.907 
.740 
.609 


50 
6.58 
5.26 
4.18 
3.44 
2.87 


2.40 
2.02 
122 
1.499 
1.294 
1.155 


.913 
.740 
‚612 


60 
5.75 
4.63 
ЈА 
3.14 
2:07 


2.24 
1293 
1.66 
1.447 
1.271 
1:127 


902 
429 
.604 


70 


4.762 
3.906 
3.268 
2.770 
2.370 


2:037 
1.767 
1:529 
1.344 
1.189 
1.062 


.856 
.695 


80 
3.690 
125 
2.710 
23090 
2.008 


1.748 
15551 
1.355 
1.203 
1.081 

.968 


./89 
.650 


— 


90 
2792 
2.309 
2.101 
1.802 
1.610 


1.424 
1,279 
1.147 
1.035 
-939 
.848 


.704 
.589 


----- 





100 


1.773 
1.623 
1.466 
1.332 
1.200 


1.096 
1.003 
.914 
834 
‚764 
‚702 


„592 
‚504 


Тетр 
°С Logio n 
22 13.96 
24 13.41 
26 12.86 
28 12.34 
30 11.82 
32 11.32 
34 10.83 
36 10.35 
40 9,44 
45 8.40 


TABLE 313.—VISCOSITY OF GLUCOSE ™ 


( Temperature variation) 


Viscosity values given as logio 9 (poises) 


Logio 7 
7.48 
6.67 
5.97 
5.39 
4.8 


~ 


Oo +4 СОТ 
SIVO NAS 


Мо со со со 


92! 
Тетр. 

56 Logio 7] 
100 2.40 
105 215 
110 1.90 
115 1.70 
120 1.50 
125 1532 
130 1.16 
135 1.01 
140 .88 
145 ‚75 


As with other liquids in the temperature interval of high viscosities, measured values 
for glucose depend on the thermal treatment to which the sample is subjected prior to and 
during measurement. Prolonged holding at a given temperature followed by rapid cooling 
to a lower temperature at which viscosity is measured will result in increasing values with 
time. Decreasing viscosity values with time will result from the reverse temperature treat- 
ment. At temperatures of high viscosity, constant, or equilibrium, viscosity values will be 
found only after long holding at the given temperature or after slow and controlled cooling 
from conditions of low viscosity to the desired temperature. 


3 Barton, Spaght, and Richardson, Journ. Appl. Phys., vol. 5, p. 156, 1934. 


TABLE 314.—VISCOSITY AND DENSITY OF GLYCEROL IN AQUEOUS 


% Gly- Density 
cerol g/cm3 
5 1.0098 
10 1.0217 
15 1.0337 
20 1.0461 
25 1.0590 
30 1.0720 
35 1.0855 
40 1.0989 
45 1.1124 


Viscosity 
in centi- 
poises 


1.181 
1.364 
1.580 
1.846 
2.176 
2.585 
SS 
3791 
4.692 


SOLUTION AT 20°C * 


Kinematic 

viscosity f 

in centi- 
stokes 


Density 
g/cm? 


1.1258 
1393 
1.1528 
1.1662 
1.1797 
1.1932 
1.2066 
1.2201 
1.2325 


Kinematic 

Viscosity viscosity t 

іп centi- іп centi- 
poises stokes 

5.908 5.248 

7.664 6.727 

10.31 8.943 
14.51 12.44 
21.49 18.22 
33.71 28.25 
55.34 45.86 
102.5 84.01 

207.6 168.3 


* Tahles 314 and 315 taken from Nat. Bur. Standards Techn. Pap. No. 112, 1918. Glycerol data, 
Tàble 314, from Archbutt, Deeley, and Gerlack; castor oil data, Tahle 315, from Kahlhaum and Raher. 
Archhutt and Deeley give for the density and viscosity of castor oil at 65.6? C, 0.9284 and 0.605, respec- 


tively; at 100°C, 0.9050 and 0.169. 


t The kinematic viscosity is the ordinary viscosity in cgs units (poises) divided by the density in g/cm?. 
The cgs unit of kinematic viscosity is the stoke. 
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322 TABLE 315.—VISCOSITY AND DENSITY OF CASTOR OIL 
(Temperature variation) 
Kinematic Kinematic 
Density Viscosity viscosity Density Viscosity viscosity 
BG g/cm? in poises in stokes °С g/cm? in poises in stokes 
5 .9707 37.6 38.7 23 .9583 7.67 8.00 
6 .9700 34.5 SONS 24 9576 7.06 227 
7 .9693 31.6 32.6 25 9569 6.51 6.80 
8 9686 28.9 29.8 26 ‚9562 6.04 6.32 
9 9679 26.4 27.5 27 9555 5.61 5,87 
10 9672 24.2 25.0 28 9548 БЕРІ 5.46 
11 9665 22: 22.8 29 „9541 4.85 5.08 
12 ‚9659 20.1 20.8 30 ‚9534 4.51 4,73 
13 9652 18.2 18.9 31 9527 4.21 4.42 
14 9645 16.61 17.22 32 (9520 3,94 4.14 
15 9638 15.14 15.71 33 ‚9513 3.65 3.84 
16 ‚9631 13.80 14.33 34 9506 3.40 3.58 
17 .9624 12.65 13.14 35 „9499 3.16 3.33 
18 9617 11.62 12.09 36 9492 2.94 3.10 
19 ‚9610 10.71 11.15 37 .9485 2.74 2.89 
20 .9603 9.86 10.27 38 .9478 2.58 2.72 
21 .9596 9.06 9.44 39 .9471 2.44 2.58 
22 .9589 8.34 8.70 40 .9464 2.31 2.44 
TABLE 316.—VISCOSITY OF GLYCERINE-WATER MIXTURES !* 
(Temperature variation) 
Viscosity in centipoises 
Sp. gravity % Glycerol 20°C 25°С 30°C 
1.00000 0 1.005 893 ‚800 
1.02370 10 1511] 1:153 1.024 
1.04840 20 1.769 1.542 1.360 
1.07395 30 2.501 21157 1.876 
1.10040 40 3.750 3.180 2.731 
1.12720 50 6.050 5.041 4.247 
1.15460 60 10.96 8.823 7:912 
1.18210 70 22.94 17.96 14.32 
1.20925 80 62.0 45.86 34.92 
1.23585 90 234.6 163.6 115! 
1.26201 100 1499. 945. 624. 


— 


14 Landolt and Bornstein, 1935. Data by Sheely, Ind. Eng. Chem., vol. 24, p. 1060, 1932. 


TABLE 317.—VISCOSITY OF GASOLINE AND KEROSENE IN CENTIPOISES "5 





Sp. gr. Temperature 
Gasoline 15.6° 
Хо. 15.6? SHE 1576 25°C 3576 45°С БЫР АО 
1 ЛОИ .690 .603 .518 472 426 382 
2 .748 ‚769 663 .588 .516 .467 .412 
3 ‚743 ais 641 541 493 441 T 
4 .726 .495 429 .379 .341 .309 .278 
5 722 .529 457 410 ‚360 .325 ‚293 
6 717 „568 481 418 „361 .339 das 
7 ‚716 ‚508 ‚461 .391 .346 2512 .204 
8 .708 493 .435 .389 ‚336 .301 .278 
9 .702 ‚429 .383 .338 .312 .279 ‚250 
10 ‚701 .435 .382 .349 „300 268 „251 
11 ‚699 429 53/2 327 .299 .269 .236 
12 .694 .399 .350 lA .283 .250 .234 
13 .680 .347 .310 .274 ‚242 227 211 
Kerosene .813 2.57 2:13 1.64 1.41 1.19 





116 Herschel, Nat. Bur. Standards Techn. Pap. No. 125, 1919. 


SMITHSONIAN PHYSICAL TABLES 


TABLE 318.—VISCOSITY OF ORGANIC LIQUIDS 323 
( Temperature variation) 


Compiled from Landolt and Bornstein, 1923. Based principally on work of Thorpe and 
Rogers, 1894-1897. Viscosity given in centipoises. One centipoise = 0.01 dyne-second 
per cm’, 


Viscosity in centipoises 


Liquid Formula GEC 10°C) 2056 302 ЖИЕС 50°C ТӨЗС ШУС 
Acids 
Formic... ae. СНО; solid 2.247 1.784 1.460 1.219 1.036 .780 .549 
ЊЕ в... .. С-Н.О: solid solid 1.222 1.040 .905  .796  .631  .465 
cetic 
(anhydrous) ... С.Н.О;: 1.245 1.053 907 .792 ..699 .623 .507 387 
Propionic o m.u СаН.О: 1.521 1.289 1.102 8960 .845 752 .607 .495 
Ргоріопіс 
(anhydrous) ... С.НзО; 1.610 1.330 1.119 .961 4836 .735 584 438 
Butyric ШІСІ”... С.Н.О, 25595 1.751 1.540 1.304 ЕО 075 ‚760 55] 
ОУС... С.Н.О, 1.887 1.568 1.318 1.129 980 .62 4682 .501 
Alcohols: 
Ле ЛУЈА... 0... ЕО 817 .600 .596 .520 .457 .403 
вн... в... C;H4O 1.772 1.451 1.194 .992 4.831 .701  .510 
Ртору от CHO 3.883 2918 22560 17797054505 1137 761 
FPrOpyl о... C;HsO 4.565 3.246 2.370 1.757 1.331 1.029 .646 
EY ees us С.НьО 5.186 3.873 2.948 2.267 2.782 1.411 .930 .540 
ЈЕЛО ВИ Це om CsHwO 8.038 5.548 3.907 2.864 2.122 1611 .976 .527 
И о. С:Н.О 2115 1.705 1.363 1.168 904 705 20 
Aromatics: 
Benzene ........ САН 06 .763 654 .567 .498 444 .359 
Тойнепе ......... С.Н» 772 671 .590 .25 471 426 .34 .278 
Orthoxylene ..... СН 1105 937 .810 .709 (627 .560 .458 .352 
Metaxylene ...... С.Н. 506 702 620 .553 497 451 .375 9297 
Paraxvlene ...... МИН „о solid 7329  .648  .574 .513 4363 .383 .300 
Еећу] Вепгепе ... СНо 877 761 САР 2595 532 48)” 39977771 
Bromides : 
Eth boo ous. C.H;Br 487  .441 402 .368 
Егору .. C;H;Br (651 .582 524 475 433 .397 338 
1=Ргору!_......... С.Н;Вг 611 .545 489 443 .403 .368 
ЕЛҮ Е CHBr 828 726 643 .575 .518  .470 .390 
ІШЕ ып C;H;Br 626 .560 .504 458 419 .384 3328 
Ethylene ione. C;blaBr 2.438 2.039 1.721 1.475 1.286 1.131 903  .679 
BROMINE ее. Br 1:262. 1.120. 1005. 9711 -831 70 
Chlorides : 
Егеру. ОНА 442 .396 .359 .26 299 
ISPropyl 2222202... САН-СІ 408 .65 .30 .299 
КЕШУ у... ш. СЕ | .568 .19 462 414 373 .339 
DU RN И СНА ЯЗ М2 53977 307. 293 
Methylene ....... CHCl: .543 488 .444  .406  .373 
пуле... С-Н.СІ; 1.132 .966 .839 736 .652 .584 .479 
Chloroform ...... CHCh 706 №0 1571. 6519 474 7435 
Carbon-tetra ..... (COR 1.351 1.138  .975 .848 .746  .662  .534 
Ethers: 
Пре ћу] „о. С.НО .295 268 245 223 
Мећу!-Ргору! ... Са Ноо 214 % 285 260 E237 
Ethyl-Propyl .... СНљОо 40402 86.360  .324  .294  .268  .245 
Methyvl-iso-Butyl . C;Hui0 387 №346 .313 №284 200082 59 
mipropyl . E... Сан, 544 479 425 381 .44 31 260 
Ethyl-tso-Butyl .. CeHuO 487 W430 .384 .345 31 284 237 


(continued) 
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324 TABLE 318.—VISCOSITY OF ORGANIC LIQUIDS (concluded) 
(Temperature variation) 
Viscosity in centipoises 
Liquid Formula 0°C 10°C 20°C 30°C 40°C 50°C 70°C 
Esters: 
Methyl-formate .. С.,Н.О, 4366 391 355 .325 
Ethyl-formate .... C4H«Os 510 454 409 .69 .36 .308 
Propyl-formate ... С.Н«О; 672 .580 521 .465 .417 .378 .314 
Methyl-acetate ... CiH«O: 484  .431  .388  .352  .320 293 
Ethyl-acetate . С.Н.О, ‚553 502 455 407 .367 .33 279 
Propyl-acetate ... С-Н.О: 773 .669 .585 516 460 .414 .341 
Methyl-propionate. C.HsO; 587 .517 .460 414  .375 .341  .286 
Ethyl-propionate . C;Hi4O; .697 .608 .537 477 428 .387 ‚321 
Methyl-butyrate .. CsHwO: 763 661 .580 .513 4595  .413  .341 
Methyl-iso- 
butyrate ....... С-Н.О: 676 .591 .523 466  .419 .375 .315 
Iodides : 
Methyl CH;I 606 .548 .500 .460 .424 
ЕСУШ... СНА 727 .54 .593 .540 495 45 .391 
Ртору =... C;H;I 944 833 .744  .669  .607 .552  .466 
ISPropylgm m il. C;HGI 884  .781 .697  .627 .568 .516 435 
ВОК... Ны! 1.166 1001 .875 .777 .697 .629 .522 
ПИ”... СНА 936 826 .734  .660  .597 .54  .459 
Рага пе“ 
Pentanem. . 95... 274 | .227 vapor 
Парето... 707 .542 .429 
Нехапе ......... 382 .308 2254 
Нерапе ......... .521 .411  .333 
Sulfides 
Methyl... С,Не5 ЭШ! 29 301 277 
ЕШІР  ..——.. С.Н 5 502 МЫЛ 450 .407 569  .338 25 
CDON di ....... С5; 435 405 „376 .352 “550 
Тигрепшпе ......... 2.248 1.783 1.487 1.272 1.071 .926 .728 
* Уегу риге. 
18 Geist, J. M., and Cannon, M. R., Ind. Eng. Chem., anal. ed., vol. 18, p. 611, 1946. 
TABLE 319.—VISCOSITY OF SODIUM SILICATES '" 
(Temperature variation) 
Logion (poises) at 
Wt. % 
Na,O 900*C 1000*C 1100%С 1200%С 1300%С 
18.4 315 277 
21.91 4.55 3.83 3.28 2.82 2.44 
24.89 4.29 3.62 3.08 2.63 2.26 
25.78 4.22 3.55 3.02 2.58 2222 
26.57 4.19 3.52 2.98 Zo 2.19 
26.79 4.18 3.49 2.97 2.54 2.18 
28.46 4.07 3.41 2.90 2.48 212 
29.79 3.98 3.32 2.81 2.39 2.03 
31.74 3.84 821 2.70 2.28 1.93 
32.91 3.76 515 2.64 2:23 1.88 
33.24 3.74 512 2162 2.21 1.87 
33.77 371 3.08 2.58 2.18 1.83 
34.27 3.70 3.08 2.59 2.16 1.82 
34.92 3.66 3.04 2.54 215 1.80 
36.73 357 2.94 2.45 2.05 1.70 
39.2 3.46 2.81 2:33 193 1.56 
39.74 3.34 2.74 225 1.86 1.51 
52.1 1.66 121 .91 .66 


100*C 


.259 


.265 


.371 


.406 
.365 


1400°С 


117 Babcock, C. L., Journ. Amer. Cer. Soc., vol. 17, p. 319, 1934. Lillie, H. R., Journ. Amer. Cer. 


Soc., vol. 22, p. 367, 1939 
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(Temperature variation) 


TABLE 320.—VISCOSITY OF DIMETHYSILOXANE POLYMERS 


Based on data by Dow Corning Corporation for DC 200 fluids. 


Fluid 
designation 
(centistokes mm 
at 25° C —25°С 0°С 
1 „0163 0118 
2 0472 .0287 
5 .145 ‚077 
10 323 159 
20 ‚683 ‚328 
50 2.39 ‚820 
100 522 1.61 
200 6.70 3.40 
500 15.9 8.15 
1000 34.4 17.00 
12500 368,5 183.7 
30000 1035. 517. 
200,000 5820. 3205: 


Viscosity in poises 


25€ 
.0083 
.0173 
.0452 
.090 
.184 
.467 
.94 
1.92 
4.84 
9.70 
119.3 
291.5 
1940. 


50°С 
‚0064 
.0129 
0301 
059 
.105 
.298 
199 
1.19 
2.89 
6.04 
73.9 
186.2 
1256. 


75°С 
0052 
.0100 
0221 
043 


100*C 


.0079 
.0173 


325 


150*C 


.0056 
0116 
.026 


172 
.346 


1:54 
24.3 
50.7 

345. 


TABLE 321.—VISCOSITY IN THE SYSTEM ORTHOCLASE-ALBITE 


(Temperature variation) 


Values given as logio y, where y — viscosity in poises. 


Wt. % Orthoclase 

Wt. % Albite 
1300°C 
1350°C 


OM 


100 


0 


.00 
.00 


80 
20 


6.23 
5.85 


60 
40 


6.30 
5.88 
5.51 


40 
60 


6.18 
5.81 
5.40 


20 
80 


6.00 
5.65 
5.26 


TABLE 322.—VISCOSITY OF SILICON DIOXIDE '5 


Temperature °С 
Logio 7) 


1250 
13.40 


1300 
12.19 


(Temperature variation) 


1350 
11.46 


Values given as logon; n = viscosity in poises. 


1400 
10.69 


1450 
10.02 


100 

6.04 
5.63 
5.26 


1500 
9.42 


us Volarovich, M. P., and Leontieva, A. A., Journ. Soc. Glass Techn., vol. 20, p. 139, 1936. 
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TABLE 323.—VISCOSITY OF MISCELLANEOUS MOLTEN OXIDES” 


(Temperature variation) 


Values given as logs n, where 7 = viscosity in poises. 





Material 1100%С 1200°C 1300°C 1400°С 1500°С 1600°С 

Silica e. s, 15.57 13.68 12.06 10.66 9.20 
(510,) 

Wollastonite ...... A к. Шу; E. .486 .387 
(CaSiOs) 

Diggside 2... .... № E. 1252 1.43 267 079 
(CaMgSizOc) 

Akermanite ....... E. E 1.48 .656 .362 146 
(Ca;MgS1,0:) ‘ 

Monticellite ....... Pe OR 9 Lm ‚241 053 
(СаМр510.) 

АБ М - №. e 747 5.82 4.60 
(МаА 1510») 6.04 5.25 

Orthoelase ..... «om Те En Lm 7.0 6.2 
(KAISi;O:) 

Апогїһие ......... e. E в 2 32 1.78 1.40 
(СаЛА1:51:О:) 

Gehlenite ......... ЖЕ. 28 КЕ ae 911 .549 
(Ca;AIS1O:) 





1? Birch, Handbook of physical constants, 1942. Measurements by: Volarovich and Leontieva, Trans. 
Soc. Glass Techn., vol. 20, p. 139, 1936. McCaffery, Trans. Amer. па Min. and Met. Eng., vol. 100, 
pp. 64, 86, 122, 125, 1932. Bowen, Trans. Amer. Geophys. Union, pt. 1, p. 249, 1934. Kani, Proc. 
Imp. Acad. (Tokyo), vol. 11, p. 334, 1935. Kani and Kuzu, Proc. Imp. A (Tokyo), vol. 11, p. 383, 
1935. 


TABLE 324.—VISCOSITY OF BORON TRIOXIDE% 


(Temperature variation) 





Logio 7 (poises) 
ШЕШЕН Ес 


: t t 8 | 
300 те 9.64 "ese T ste 
400 Қ” 6.20 йз: ids 6.30 
500 4.59 T 4.40 o 4.47 
600 3.68 " 7 3.49 
700 2.95 2.90 2.89 
800 2.42 2.53 2.49 
900 2.08 2124 2.12 
1000 1.87 2.10 1.96 
1100 1.63 е m. 1.92 1.78 
1200 dam E т 224 1.62 





19 Dane ana Birch, Journ. Appl. Phys., vol. 9, p. 669, 1938, have shown that for pressures not in 
excess of 2000 kg/cm? the viscosity of boron trioxide is given for various pressures by the relation 

7 — 3. €2?; and at 359?C, a — 15.10-* cm?/kg, and at 516?C, a — 4.6 x 10-* cm?/kg. Data from Birch, 
Handbook of physical constants, 1942, and from unpublished measurements by H. R. Lillie. 


Observers of data by columns: 
* Arndt, Zeit. Elektrotechn., vol. I5 р 578, 1907. 
1 Parks and Spaght, Physics, vol. 1507; 1935. 
t Volarovich and Tolstoi, Trans. 52 "Glass Techn., vol. 18, p. 209, 1934. 
8 Volarovich and Fridman, Acta Phys. (U.S.S.R.), vol. 6, p. 393, 1937. 
|| Lillie, unpublished data. 
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TABLE 325.—VISCOSITY IN THE SYSTEM DIOPSIDE-ALBITE-ANORTHITE * 


(Temperature variation) 


Values given as logy 7, where y — viscosity in poises. 


Wt. % diopside 100 80 60 40 20 0 


Wt. % albite 0 20 40 60 80 100 
1200°С 399 5.08 
1300°С 2.45 3.20 4.30 6.04 
1400*C 1.60 1.93 2.04 2.64 3.63 5.26 
Wt. % diopside 20 40 60 80 
Wt. % anorthite 80 60 40 20 
1300°C 3.77 2.18 
1400°С 2.00 1.96 1.92 
1500°С 2.04 
Wt. % albite 80 60 40 20 0 
Wt. % anorthite 20 40 60 80 100 
1300°C 5.5} 4.67 
1400°C 4.63 3.89 3.40 
1500°C 2.66 2.28 
15856 211 2.04 
Wt. % diopside 60 40 40 20 20 20 
Wt. % albite 20 40 20 60 40 20 
Wt. % anorthite 20 20 40 20 40 60 
1200°C 3:05 4.83 
1300°C 2:23 2,92 2.67 3.88 3:54 


1400°С 199 220 2.11 3.18 210 250 


* For reference, see footnote 45, p. 136. 


TABLE 326.—VISCOSITY OF MOLTEN METALS” 


(Temperature variation) 


Tin 

Temp. roo Temp. 
C Lead А + "C Antimony 
300 S 1.73 1.67 650 1.50 
350 2.58 1.58 1.51 700 1.26 
400 2-33 1.43 1.38 750 1.16 
450 2.07 1.30 1227 800 1.08 
500 1.84 1.20 1.18 850 1.05 
550 1.58 1.14 ІЗІН 
600 1.38 1.08 1.05 Тетр. 
650 S .99 °C Copper 
700 sate ao 94 1100 did 
750 Pus = ‚91 1150 1222 


800 me E .87 1200 3.12 


121 о and Bórnstein, 1935. Based on data by Esser, Greis, and Brundgart, Arch. Eisenhütten, 
vol. 7, p. 385, 1934. Viscosity in centipoises. Data on tin by Stott, Proc. Phys. Soc., vol. 45, p. 530, 
1933, included. 

* Esser, Greis, and Brundgart. 1 Stott. 
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TABLE 327.—VISCOSITY OF MISCELLANEOUS LIQUIDS 


Viscosities are given in cgs units, dyne-seconds per cm’, or poises. 


328 
Liquid Є 
Acetaldehyde ......... 0. 
Ме оловку 10. 
с 20. 
а... — 192.3 
о а + 20. 
< > ss 60. 
Е лье 285. 
Е... 365. 
Black treacle ......... 12,3 
бора ас о ......... 22. 
Hydrogen, liquid ...... — 
Menthol, solid ........ 14.9 
A Па. 56.9 
ое... — 20. 
Eo see 0. 
ПН sse 20. 
EM S sse 34. 
с. 98. 
ЕЕЕ... 193. 
ЕТЕ а 299. 
Oils: 
t Dogfish-liver .923 .. 30. 
Y " 918 50. 
2 LEE U08 2s 90. 
Linseed с 30. 
‚922 ...... 50. 
ee an 90. 
* Spindle oil ТОБО ы: 15.6 
-—— — 37.8 
ú ОСЕТИИ 100.0 
* Ган machinery 
mcm 15.6 
ы tient machinery ... 37.8 
$ » woe 1000 
*“Solar red” engine.. 156 
“ “ “ СА 37.8 
“ “ [11 Ar 100.0 
*"Bayonne" engine .. 15.6 
Е 5 37.8 
ji y .. 100.0 
*“Queen’s red” engine 15.6 
“ “ “ 27. 8 
“ $6 “ 100. 0 
*“Galena” axle ...... 15.6 
г ЧАЙЫ 2 37.8 
* Heavy machinery .. 15.6 
[T1 “ 27. 8 


* American mineral oils; based on water as .01028 at 20?C. 


t Densities. 


Viscosity 
.00275 
.00252 
.00231 
.00172 
.04467 
.0156 
.0161 
.0146 
.400 

4.80 
.00011 

2x10" 
.069 
0184 
01661 
01547 
01476 
01263 
‚01079 
‚00975 


414 
211 
.080 
ET 
.176 
.071 
.453 
.162 
.033 


.070 
4.366 
.909 
6.606 
1.274 


Liquid 
Oils: 
* Filtered cylinder . 


*"Extra I 


“ “ 


1 Linseed 223 
922 
“ .914 


e.. ¿e.> 
• . • • • • 
• • •»• • • 
+з е ө е о + 


ооп ооа ө 


• • • • • «с с • • • « « о 6 


€ e * € • • е ө ө ө э е ә 
° ө ө ө • с • • е е ө е 


eo «е • ө э е е е «е ө «е • 


(another) .... 
(another) ... 
t Soya bean .919 


“ “ 


I cS 
© е е е 99? 9 с « ө * 9 
ее 
э ө * ә 9 9.89 9? ә 9? 5» ө 
• . • • • с со с ч с • з э е о 
e eoe ө ө © ө о « с с с « • ч • 
кезе еа аа кә 
ее аш OO TO OOS 
пиш акаа кебу е» 
e.e • • • с • с ө о • ч • • 9 
Sid E EDO OW ME 
е”ееесеебЖеееееееЖеебеғебее 

• • • • с со с со с с « с • • • 

€ € 9 с • «г ө со со + э ө э 9 * 

€ € • • ө ө «4 е ө е * ө « ө * 

ео ОЕ е 

ОБ о „сг. с. 

с 

22022222. 
© е ө ө ө е 949 э ө е ө с ө • • • 
а.-%ееееееевТ"еееееевеевее 


• • • • с • ө “ ө ө э ө ө ө ө ө о 


"C 


Viscosity 


2.406 
.187 
4.224 
.240 
7.324 
341 


.00973 
‚176 
078 
0168 
0142 
0131 


f Based on water as per Ist footnote. 


TABLE 328.—RATIO OF VISCOSITY AT HIGH TO THAT AT ATMOSPHERIC 


PRESSURE 
Pressure FF Rape Castor 
Bayonne oil cylinder Trotter 
tons/in? kg/cm? (mineral) (mineral) (animal) (vegetable) 

1 [575 1.3 1.4 12 1.1 1.2 
2 315. 2.0 2.0 1.6 1.4 1.6 
4 630. 4.0 4.5 2.4 2.3 27 
6 945. 7.8 8,9 2:5 229 4.2 
8 1260. 16.1 — 5.0 — 5.8 
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Sperm 


(fish) 


Ls 


24 
25 


829 


TABLE 329.—VISCOSITY OF LIQUEFIED PURE GASES AND VAPORS 


Temp. 
°K 


85 

90 

95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 


12 (erf, S. F., and Galkov, G. I., Journ. Techn, Phys. (U.S.S.R.), vol. 10, p. 725, 1940. 


128 Lipkin, M. R., Davison, J. A., and Kurtz, S. S., Ind. Eng. Chem., vol. 34, p. 976, 1942. 


Viscosities in millipoises. 


(Temperature variation) 


С.Н, С.Н, СзН, CsHs 
ел T 2252 118.5 
US Ec. 125.5 74.2 
ES Е. 725 52:5 
ae 9.15 45.5 38.3 
6.60 7.48 31.1 29.0 
5.60 6.37 22.3 22.3 
4.86 5.66 17.0 18.2 
4.24 5.06 13.3 152 
3.73 4.52 11.1 132 
3.32 4.00 9.4 11.6 
2,96 3.58 8.2 10.3 
2.66 3.23 22 9.3 
2.43 2.92 6.2 8.2 
222 2.66 5.6 7.3 
2.03 2.44 5.0 6.5 
1.86 2127 4.5 5.5 
171 2.12 4.0 5.0 
1.58 2.00 3:5 4.5 


TABLE 330.—VISCOSITY OF PURE HYDROCARBONS !5 


Viscosities in centipoises; densities referred to water at 4°C. 


Propane, C4Hs n-Butane, C,H 
Density Viscosity Density Viscosity 
614 .287 .671 .460 
.604 2051 061 .403 
‚592 ‚227 1052 .354 
.580 .205 642 ‚314 
„568 ‚184 ‚632 281 
2556 ‚168 022 259 
543 152 ‚611 ‚229 
[531 138 001 ‚209 
917 ‚126 ‚590 ‚191 
‚502 ‚116 .579 174 
487 .108 .567 159 
„471 .099 55 .146 
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№ 
2.49 
2.26 
2.08 
1.95 
1.80 
1.67 
1.56 
1.47 


СН, 
1.82 
1:59 
1.34 
21 


і5о-Вибапе, С.Ніюш 


Density 


.657 
647 
‚637 
626 
615 
‚605 
:993 
.582 
5371 
559 
‚547 
‚534 


Viscosity 
En 
.455 
.393 
‚343 
.301 
‚267 
.239 
215 
‚195 
176 
‚160 
‚146 


330 


Glass 
designation 


* 1710-Hard 


500*C 
13.76 


15.20 
13.82 


510; 
69.73 


70.12 
67.3 
81.0 
75.0 
65.0 
60.0 
73.97 
74.35 
ЛЕС 
62.50 
75.0 
56 
73.18 


lime 


* — 7720-BRorostilicate 


* — 7740-Pyrex 


Plate glass 
Window glass 


1?! Babcock, 


p.25, 1923. vol. 
vol. 14. p. 502, 1931; 
4 Glasses 11 


К.Оз. 
cent Пао, 


e 9 €& е е е e * ө * в ө ө э «в 


С. Г. ош 
Sop. 205, 


.... 


TABLE 331.—VISCOSITY OF GLASS ™ 


600°C 
9.85 


12.35 
10.85 


9.49 


В.Оз 
1.43 
2.00 
13.00 
15.00 


10 
7.5 


“ 


“ 
““ 


(Temperature variation) 
Part 1. 


700°C 800°C 
7.03 5.42 
TEX 5.84 
5.38 
y 5.74 
9.82 7.87 
8.55 6.81 
КР 50 
7.30 5.70 
Part 2. 


19.38 


Manufacturer 


Code 0010-Potash soda lead. Corning Glass Works 
*  0120-Potash soda lead. 


“ 
46 


Log:o 7 (poises) at 


К.О 
{гасе 


68 


trace 


. . aN. . . 
e ©5 сл. . . 


6.70 
0 


900%С 
4.37 
4.79 
4.29 
4.48 
6.48 
5.68 
Ios 
21: 


4.71 


5.79 
4.48 


MgO 


^ 
3157 
35 


21 


Logio7 (poises) at 


Blue Ridge Glass Corp.. ... : : 
^i Libby-Owens-Ford ee Е | : : : 


Amer. Cer. Soc., 
9, p. 83, 1925; vol. 10, р. 52, 1926: Lille, Н. 
уо]. 07, р. 121, 1934; Lillie, 
and 12 contained 0.50 and 0.34 percent "Вао, respectively. 

ł Data by H. R. Lillie, Corning Glass Works Laboratory. 


1924; vol. 
Hunter, Journ. Amer. Cer. Soc., 
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700 800 
"о °С 
m 2 51 5.35 
- 6622 УЧ 
i 10.45 
P Ге. 6.80 
Ж s.c BIB NERIS 
patre. 8.35 
vol. 17, p. 329, 1934; 


1000*C 


d 
3.99 
3:52 
3.60 
5572 
4.88 
1.24 
1.81 
4.20 
4.00 
368 
3.89 
4.06 
397 
3.70 


Composition (weight percentages) 


СаО 
9.05 
6.40 
8.77 
7.0 


9.03 
8.79 


6.26 


Part 3.—Commercial glass t 


900 
С 


4.52 
4.57 
7,95 
5.66 
6.48 
5.00 
5.06 


1100°C 


2 


сэ со со со со со Со н к 
Ф со + С М соел бл 
болм 4 ДА У м 


ZnO 


7.0 


12009С 1300%С 
2.47 2.09 
2.93 2.50 
2.48 2.08 
2.47 2.03 
4.16 3.67 
3.65 3.22 

83 69 
1:33 1.16 
3.02 25 
2.85 Р 
2.74 Ae 
2.91 Je 
3.01 2.67 
2.89 2:91 
2.60 2.40 
PbO AlsOs 

T JSt 

rr Шрек 
= 02 
! 2.50 
sie 2.0 

5.0 x 
20.0 = 
30.0 К. 

aa У 

B57 

T 16727 
22.00 1.30* 

к.) 5 

25 
119 

1200 1300 1400 

9p °С °С 

2:9] 10215 10002007 

2917 220102 

2927 32227262 

3.5 320 2.86 

416 а 

2.87 2.46 2.07 

2.0 248 2.14 


English Journ. Soc. Glass Techn., vol. 7, 
Journ. Amer. Cer. Soc., 


R., 
н.в. 
1 


unpublished data. 


Glass 14 contains 20 per- 


TABLE 332.—VISCOSITY OF GASES 331 
Variation of viscosity with pressure and temperature 


According to the kinetic theory of gases the coefficient of viscosity n = 4 (pcl), p being 
the density, c the average velocity of the molecules, / the average path. Since / varies 
inversely as the number of molecules per unit volume, pl is a constant and n should be 
independent of the density and pressure of a gas (Maxwell’s law). This has been found true 
for ordinary pressures; below %o atmosphere it may fail, and for certain gases it has been 
proved untrue for high pressures, e.g., CO; at 33^ and above 50 atm. See Jeans, "Dynam- 
ical Theory of Gases." 


If B is the amount of momentum transferred from a plane moving with velocity U and 
parallel to a stationary plane distant d, and s is a quantity (coefficient of slip) to allow for 
the slipping of the gas molecules over the plane, then » = (B/U) (d+2s); s 1s of the same 
magnitude as /, probably between .7 (Timiriazeff) and .9 (Knudsen) of it; at low pres- 
sures d becomes negligible compared with 2s and the viscosity should vary inversely as 
the pressure. 

c depends only on the temperature and the molecular weight. c varies as the V T, but n 
has been found to increase much more rapidly. Meyer’s formula, 7: = mo(1 + at), where a 
is a constant and то the viscosity at 0°C, is a convenient approximate relation. Sutherland’s 


formula 
Ж pte (sa)! 
т pL ES 


is the most accurate formula in use, taking into account the effect of molecular forces. It 
holds for temperatures above the critical and for pressures following approximately Boyle's 


law. It may be thrown into the form mcr C which is linear of T and T'/w, 
with a slope equal to K and the ordinate intercept equal to —C. Onnes (see Jeans) shows 
that this formula does not represent helium at low temperatures with anything like the 
accuracy of the simpler formula 7 = (7 /273.1)" = AT". 

The following table * contains the constant a of Meyers formula, C and K of Suther- 
land's formula, » and A of the exponential formula, and the temperature range for which 
the constants of the latter two are applicable. 


Temperature 

Gas range °C ax 108 C Ку 108 я 4X108 
braccio eqs 23 to 750 2.90 117.9 14.82 .754 2.490 
АО Tr. — 77 to 441 re 472 15.42 1.041 ‚274 
О a —183 to 827 1.78 135 19.00 .766 2.782 
Бепгепе en 0 to 313 M 403 10.33 .974 .299 
Carbon dioxide ........ — 98 (о 1052 3.48 233 15.52 ‚868 1.057 
Carbon monoxide ...... m 2.69 102 13.5 .74 E. 
Опса. ДЕН сав 454 15.9 A 
Ethylene an unan m 3.50 226 10.6 iE NS. 
le lini ee tes oo oe —258 to 817 m 97.6 5.13 ‚653 4,894 
Нучгореп . ш... — 258 to 825 A 70.6 6.48 .678 1.860 
О о И ME eu 188 PM Pes E. 
Meron y .... 2 —218 (о 610 22500 996 63.00 1.082 1573 
Methane ној. и 18 to 499 f 155 9,82 770 1.360 
Neon esses NE Pn А 252 ios En E. 
Мртав ен „з... E —191 to 825 2.69 102 13.85 702 3213 
Nitrous oxide ......... ae 3.45 313 17.2 .93 E. 
У ен „соло о —19] іо 829 Т” 110 16.49 21 2255 
Water vapor 2.59 0 0 to 407 е 659 18.31 1:116 170 
Xenona e es stie ОЛ Ns es 252 7242 = E. 


1235 Dushman, S., Vacuum technique, p. 37, John Wiley & Sons, New York, 1949; Banerjea, G. B., and 
Plattanaik, B., Zeit. Physik, vol. 110, p. 676, 1938; Partington, J. R., Phys. Zeit., vol. 34, p. 289, 1933; 
Fisher, Phys. Rev., vol. 24, 1907. 
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230 TABLE 333.—VISCOSITY OF GASES AND VAPORS 
Part 1.—Viscosity of vapors 


The values of 7 given in the table are 10° times the coefficients of viscosity in cgs units. 











Temp Temp. 
Substance “С 7 Substance °С 7 
AJACOÍIORG! c.r IRI Y s 18.0 78. Ве ое. 16.1 732 
Alcohol, Methyl ........ 66.8 135: Ны aree ee EET 36.5 79.3 
Alcohol БҮРУ e. sss 78.4 142. Ethyl chloride ee 0. 93.5 
Alcohol, Propyl, norm... 97.4 142. Ethyl iodide ен. 723 216.0 
Alcohol, Isopropyl ...... 82.8 162. lthylene- .... m os ee 0.0 96.1 
Alcohol, Butyl, norm.... 116.9 143. NMlercury е 270.0 489. 
Alcohol, Isobutyl ....... 108.4 144. ОСИЯ 300.0 532. 
Alcohol, Tert. butyl..... 82.9 160. ER US 330.0 582. 
О ие 20.0 108. i с” 360.0 627. 
Венев... 0. 70. өəө ше” 390.0 671. 
ED os 19.0 79. Меіћапе .. У 7 20.0 120.1 
Em еа. 100.0 118. Methyl chloride ........ 0.0 98.8 
Carbon bisulfide ........ 16.9 92.4 E С... 15.0 105.2 
Carbon monoxide ...... 20.0 184.0 = EE а 302.0 213.9 
СКОРО СТ ee res ee 0.0 95.9 Methyl iodide .......... 440 232. 
Пи а 17.4 102.9 Water vapor e 0.0 90.4 
к. 61.2 189.0 E um 2541 16.7 96.7 
Бе. а ES res 0.0 68.9 ig СЕ а 100.0 132.0 
Жм мм ым à (9 нан 
Part 2.—Viscosity of gases and vapors '? 
(Temperature variation) 
Viscosity in millipoises 
Temp. Carbon  Chlo- Hydro-  Nitro- 
°С Air Argon dioxide rine Helium gen gen Oxygen Xenon 
—200 ‚053 Дир SA себ m. 003 ST o 222 (sae 
—150 081 e mS sae s .047 M Т 
--100 1111 ET .087 TE N. .061 due Do Nitric oxide 
— 50 .139 E 112 Ta Es 073 "T P .179- (0905 
0 .175 lm ‚135 Ж НЕ Mc .083 m I 
50 ‚193 ‚241 159 147 207 1093 189 217 Nitrous oxide 
100 216 26097 181 5/78 228 102 207 241 .138 (090) 
150 237 297 203 189 247 111 226 264 
200 2560-72! 2590s — 267 10 245 257 Krypton 
250 275 —346 245 (028 285 1299 263 309 ‚246 (15°С) 
300 2935 .367 2062 TE 305 .137 280 .330 
350 4510 .399 280 E. ‚323 М5 296 .349 Carbon monoxide 
400 (327 410 .299 ES. .341 155311 .368 163 (0%С) 
500 С 450 7331 E 375 167 ЗА] .403 
600 1384 .488 .362 es 408 1181 367 .435 Ammonia 
700 411 2521 .391 E. .438 | .195 .391 .466 .096 (0°C) 
800 437 .554 417 E. 467 208 .414 .494 
900 463 А 421 - Et. M m E 
1000 .499 T. .465 
1100 .511 En X 


128 Based on data from Landolt and Bórnstein, 3d supplementary vol., pt. 1, p. 184, 1935. 


Е 
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TABLE 334.—PRESSURE EFFECT ON VISCOSITY OF PURE LIQUIDS” 


This table gives logis of the relative viscosity as a function of pressure and density, the viscosity 
at 30°C and atmospheric pressure taken as unity. For each compound first line log 4/7 at 30°C, 
second line at 75°C, third line 730/775. 


I I Ia 


Substance 


Methyl 
alcohol 


Ethyl 
alcohol 


n-Propyl 
ас 2. 

n-Butyl 
alcohol ИЕ аса ва 

п-Ату! 
а1соһо1 


n-Pentane 


* э э ө э ө э э э «= 


Ethyl 
chloride 


Ethyl 
bromide 


Ethyl 
iodide 


eee fF eee eo @ 


Acetone 


оо ооо озо о о о 


Сіусегіпе 


* э ә ө о... 


• . • • ө ө Ф т ® ® ө ө э э ө @ 


ооо овоо о о 


• • ө е « е ө е е = э ө э э 


Benzene 


Toluene 


Eugenol 


[ ‚000 
9.765 


Lane 


000 
| 9.796 
‚ 1.600 
000 


9.429 
3.724 


024 
1.462 
173 
9,938 


1.718 
145 
9939 
1.607 
.288 


9.616 
4.699 


1000 
.167 
9.933 
1.714 
.200 
9.873 
Zi 
.283 
9,880 
2.520 
АІ 
9.867 
2.858 
.341 
9.871 
2.951 
315 
1039 
1.419 
912 
171 
1.449 
242 


100 
1.782 
21 
094 
1.309 
160 
5l 
1285 
.324 
.149 
1.496 
.347 
.081 


1.845 
‚274 
.065 

1.618 
.541 


9.810 
5.383 


Pressure kg/cm? 





121 Bridgman, P. W., Proc. Acad. Arts and Scr, vol. 61, p. 59, 1926. 
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2000 4000 6000 8000 10000 
Оз (І 616 №50 874 
(43 208 334 448 555 
1750 1832 1914 2004 2.084 
ЗЕ 520901 023. 1211 
045 280 473 634 778 
2080 2128 2.270 2.449 2.710 
494 836 1131 1402 1.667 
074 3688 610 827 1033 
2630 2938 3.319 3758 4.305 
554 934 1.289 1.609 1.912 
089 312 60 94 1172 
2932 3343 3991 4679 5.521 
1607 1060 1448 1811 2164 
105 466 272 1049 1.313 
3177 3926 4742 5781 7.096 
524 847 1.112 1.360 1.615 
380 676 908 1119 1.313 
1393 1483 1600 1742 2.004 
561 914 1.224 1.514 1.803 
379 701 961 1198 1426 
1521 1633 1832 2070 2382 
205 649 3827 1008 1.72 
285 514 (683 834 977 
1318 1365 1426 1493 1.567 
387 631 854 1043 1223 
235 472 653 816 0978 
1419 1442 1589 1.687 1.758 
385 656 888 1.108 1.330 
227 1467 672 854 1030 
1439 1545 1.644 1.795 1.995 
373 605 804 987 1.160 
245 445 610 762 898 
1343 1445 1563 1670 1828 
407 936 1346 1.741 2.133 
9.204 9529 9818 094 .369 
1963 2553 3373 4436 58.08 
Е 2 
(15005 Каст 
349  .542 
386  .660 884 
251 490 601 2914 1141 
15657 1/5147 1:560 
307 509 674 440 1.010 
180 372 527 671 808 
1340 1371 1203 1476 1.592 
714 702 1042 1.261 1.469 
34461 806 986 1155 
1479 1:552 1722 1884 2.061 
.308 .498 / 2 
(3000) ) kg/cm 
497  .897 1285 1.699 2.77 
267 507 896 1186 1.504 
1608 1.995 2.449 3.258 4.710 
1081 2273 3.007 
1.652 (3000) (5000) kg/cm? 
143 3050 85008 22343 
8.670 29.38 


12000 


.998 

.655 
2.203 
1.390 

919 
2.956 
1.915 
1.220 
4.920 
2.208 
1.396 
6.518 
2.495 
1.562 
8.570 
1.846 
1.493 
2.254 


1.646 


1.189 

.946 
1.750 
1.670 
D 
2.286 


1.832 


730 


.00520 


.01003 


.01779 


102237 


00220 


00296 


00368 


00540 


00285 


3.6 


‚00845 


00519 


00352 


.00212 


.00566 


.00523 


334. TABLE 335.—VISCOSITY OF OILS 12 


The SAE viscosity numbers constitute a classification of crankcase lubricating oils in 
terms of viscosity only. Other facts of oil quality or character are not considered. 


Part 1.—Crankcase oil classification 


SAE recommended practice 


Viscosity range, Saybolt univ., sec 


SAE At 130° F At 210° F 

viscosity и 

number Min. Max. Min. Max 
10 90 Less than 120 м | м Шр 
20 120 a “ 185 "LZ SS ccs — 
30 185 3 ЕЗ 255 щаз И 
40 255. DEE МУ с Less than 80 
50 "E Sc ee 80 ў “ 105 
60 хә м 105 “ “ 125 
70 ЛЕ ТЫСТА... 125 2 "77150 


Part 2.—Automotive Manufacturers’ viscosity classification 


SAE general information 





Viscosity range at 0°F, Saybolt univ., sec 
к= у ЕЕЕ 


Viscosity 
number Min. Max. 
10W 6,000 12,000 
20W 12,000 48,000 


128 SAE Handbook, 1949 ed., p. 580, Soc. Automot. Eng., New York. 


TABLE 336.—EFFECT OF PRESSURE UPON VISCOSITY 22° 


Absolute Relative viscosity 
Temper- viscosity Pressure in kg/cm? 
ature at 1 atm 
Substance RC centipoises 1 1000 4000 8000 12,000 
iPentane е. Е 30 .198 1.0 2.208 7.834 26.98 88.51 
75 --- ‚662 1.560 5.188 15.10 38.55 
Ае ше 252227... 30 .285 1.0 1.683 4.027 9.705 -— 
79 -— ‚785 1.297 2.786 5.781 10.74 
OS LL LS o oss 30 092 170 1.445 2228 6.918 15.45 
75 --- ‚750 1.125 2.995 4.688 8.83 
Sulfuric ether ......... 30 5212 1.0 2.109 6.194 18,24 46.77 
75 —— 755 1.409 3.990 9,683 20.46 
Petroleum ether ....... 30 --- 1.0 1.995 8.51 38.9 151.4 
80 --- -— -— 3.63 11.5 30.9 
Kerosene ............. 30 --- 1.0 2.88 5.13 --- --- 
80 --- --- --- 8.13 75.9 631 
Waler „г. гы ш... 0 1.792 1.0 921 1111 freezes e 
10.3 1.297 .779 ‚743 ‚842 15152 — 
30 .801 .488 .514 .658 .923 1.206 
75 ‚380 „222 ‚239 .302 .445 --- 
100 .284 --- --- --- --- --- 
Mercury Ж зу... 30 1.516 1.0 1.023 1.097 1.202 1.324 
75 1.340 ‚884 ‚883 ‚880 877 ‚876 


“ә Bridgman, P. W., The physics of high pressure. Macmillan, New York, 1931. 
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TABLE 337.—LUBRICANTS 335 


With very few exceptions present-day lubricants are petroleum products or blends of 
petroleum products with various compounding or addition agents such as fatty oils, diversi- 
fied types of soap, and in rare instances solid materials such as graphite. Addition agents 
are more costly than petroleum derivatives; hence they are used as sparingly as possible. 
The addition agents are generally employed when conditions of use require greater “oili- 
ness" (higher film strength) than is attainable with unblended petroleum oils. The latter 
usually deteriorate more slowly in service than blended products, which is an advantage 
supplementing that of low relative cost. There are a few jobs of lubrication for which 
fatty oils have never been entirely supplanted, as for example the use of porpoise-Jaw oil 
in fine watches. 


Lubricants for Cutting Tools” 


Various types of oils have been used as lubricants for cutting tools. These are fatty oils, kero- 
sene, turpentine, mineral oils and various blends of these oils. Sulfur has been combined with 
some of these oils to increase the film strength. Such mixtures and blends are furnished by the 
various manufacturers under their trade names such as Pennex, Dortan, Fanox, and Kutwell by 
the Standard Oil Co. of New Jersey. 


Ferrous Ferrous Nonferrous Nonferrous 
| (more than Ferrous (less than (more than (less than 
Severity Type of operation 70%) (50-65%) 40%) 100%) 100%) 
1 (greatest) Broaching, internal Em Sulf Sulf Em Sulf Em MO Em Sulf ML 
3 Tapping, plain Sulf Sulf Sulf Em Dry Sulf ML 
2 Threading, pipe Sulf Sulf ML Sulf — Sulf 
3 Threading, plain Sulf Sulf Sulf Em Sulf Sulf 
4 Gear shaving Sulf L Sulf L Sulf L -- — 
4 Gear cutting Sulf ML Em Sulf Sulf ML — Sulf ML 
5 Drilling, deep Em ML Sulf Em Sulf MO ML Em Sulf ML 
7 Boring, multiple head Sulf Em Sulf Em Sulf Em K Dry Em Sulf Em 
8 High-speed, light- 
feed, automatic 
screw machines Sulf Em ML Sulf Em ML Sulf ML Em Em Dry ML Sulf 
9 Turning; single- 
point tool, form 


tools Em Sulf ML Em Sulf ML Em Suf ML Em Dry ML Em Sulf 





139 Metals Handbook, 1948 ed., p. 69, American Society for Metals, Cleveland. 


Symbols: Dry = no cutting fluid, Em = soluble or emulsifiable oils and compounds, K = kerosene, L = lard oil, 
ML = mineral-lard oils, MO = mineral oils, Sulf = sulfurized oils. 
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The required force F necessary to just move an object along a horizontal plane = fN 
where N 1s the normal pressure on the plane and f the "coefficient of friction." The angle 
of repose 9 (tan Ф = F/N) is the angle at which the plane must be tilted before the object 
will move from its own weight. The following table of coefficients was compiled by Rankine 
from the results of General Morin and other authorities and is sufficient for ordinary 
purposes. 





Material f 1/) ф 
W Goadmanewood, ЧГУ... оо E .25-.50 4.00-2.00 14.0-26.5 
ae дару. а-ы 20 5.00 11.5 
Metalssantoak, dry... bere ENERO .50-.60 2.00-1.67 26.5-31.0 
И мев а ИЕ .24—.26 4.17–3.85 13.5-14.5 
E ВР зоару..... о S. .20 5.00 11.5 
Е Пе По ЧГУ, ооо ТТ И .20-.25 5.00-4.00 11.5-14.0 
ЕТСЕК, Оаа... о.о. „53 1.89 28.0 
амы METEO 0M .33 3.00 18.5 
екше оп Oak .............00 И .27—.38 3.70-2.86 15.0-19.5 
М metals ру о a е 56 1.79 29.5 
" i й е с РО. .36 2.78 20.0 
ч E И ргеазу EE. 22 4.35 13.0 
Ui E DEM uec E ШКО с... 15 6.67 8,5 
Metals “onmetals, drys... ....+. sepa «ne vo .15-.20 6.67-5.00 8,5-11.5 
B B о ме. DONNEES с ИМ 3 3.33 16.5 
Smooth surfaces, occasionally greased............. .07-.08 14.3-12.50 4.0-4.5 
Б + continually greased. M... .05 20.00 3.0 
У » best ге... 22... .03–.036 33.3–27.6 1.75-2.0 
Steel олара гу... И... .20 5.00 11.5 
uM 2 Ned... Eee ШШШ... .107 9.35 
НОО РОДЕ. е ИТ... .30-.70 3.33-1,43 16.7–35.0 
ОО Це 2705 а... About .40 2.50 22.0 
Masonry on brick work, агу..................... .60–.70 1.67–1.43 33.0-35.0 
* S ~ “damp tiertar............ 74 1:35 36.5 
Е ПЕСЕН нала ‚51 1.96 27.0 
Ы Ито. Сау Е.а 93 3.00 18,25 
Ва тон сат TT Ты. .25-1.00 4.00-1.00 14.0-45.0 
у. “dry sand, clay, and mixed earth .38-.75 2.63-1.33 21.0-37.0 
ш ете” damp clause оне 1.00 1.00 45.0 
6 eR wet (Clay РИИ оек .31 229 17.0 
iL 776 shingle and pravelepre....-.-.... .81-1.11 1.23-.9 39.0-48.0 
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TABLE 339. —DYNAMIC PRESSURE AT DIFFERENT AIR SPEEDS 


The force on a body moving through a fluid may be expressed in the form 
ЈУ = бр а 4 


where F is the force, Cr a nondimensiona: force coefficient, q the dynamic pressure (1 -- 
4oV?, definition), and A an area. In general, the value of the coefficient Cr is dependent 
on several nondimensional parameters. When the medium is air, Cr depends on the 


Reynolds number ae the Mach number Е, the body shape and attitude to the relative 


wind, the relative surface roughness, and the degree of turbulence of the air stream. The 
quantity p denotes the fluid density, V the velocity of the body relative to the fluid, n the 
coefficient of fluid viscosity, / a linear dimension of the body fixing the scale, and a the 
speed of sound in the ambient fluid. 

The table gives values of dynamic pressure q for a wide range of speeds. In conjunction 
with the values of the force coefficient in subsequent tables, this table can be used for 
computation of lift, drag, and moment under specified conditions. The values in the table 
are computed for standard air density: dry air, normal CO, content, 15°C, one atmos- 


phere. Standard air density is 0.12497 1611 slugs ог 0.002378 STUBS. For standard gravity, 


the weight of one metric slug (MKS) is 9.807 kilograms and the weight of one slug is 
32.174 pounds. For other densities the values must be multiplied by the ratio of the actual 
density to the standard density. 


_* Tables 339 to 346 and figures 6 to 15 were prepared under the direction of C. H. Helms, assistant 
director of aeronautical research, National Advisory Committee for Aeronautics. 
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SMITHSONIAN PHYSICAL TABLES 


338 








5496 0051 LOSE OSS Єр єс 012 беті ОП 6811 01 
6811 0001 c LOZ 005 9S Zr 00c 068 TT 001 £960" 8 
с701 056 8 OFC 05$ сб ср 061 1596 06 19/0 8 
[ £96 006 2 061 00$ Со ВЕ 081 ОТР А 08 $850 L 
07658 058 оси 05$ 9E pE 0/1 908 5 0/ 8270 Я 
OTOL 008 1072701 00€ tr oe 091 082 Р 09 2620 S 
8 899 054 ГИК 082 24 96 OST CL6 C 05 0610” ў 
9485 00/ .  6v89 OFZ 0t tc ОРТ 206 1 0t LOTO а 
205 059 06 c9 oez 6002 ОЄТ 1040 1 o£ 8p00 С 
07827 009 ima 0cc СБ ОСТ ОЕ 0c 2100 І 
33/91 225/3} 235/41 295/3} 233/41 295/3} 233/91 295/3} 213/1 3238/1] 
b *3unsso1d рээ4$ b *3ansso1d рәә45 b ‘aanssoid рээ4$ b *a1nsso1d рээ4$ b *aunssoud рээ4$ 
општи пу ЭИЦЕЦА lly әнцеил(Т AV 3nueuÁ(q AV arueu q ny 
12951 005 0091 091 6 66Е 08 Р 95 0$ 8Р9 01 
25921 05% 9071 OST а [СЕ И 668% 8c 1905 6 
8666 00$ Sco ОРТ с 905 04 ke cr Uc 666 € 8 
E59 05$ 09501 051 0%92 ze 66 St bz 290% 4 
Ecos 00€ 8 668 021 6 УСС 09 rc 0t сс бӯ с 9 
506$ 082 SZ OTI 0681 5S 66 Ре 0c COST 5 
66vc 00c S EC 001 COSI 0S ўс 0с 81 8666` V 
9622 061 6 595 56 ЗІ Sp 0091 elt Pea t 
?<0с 081 1905 06 86 66 9r сесі УТ 66tc C 
9081 041 РО 58 ре Bat 8668 cl 5090 1 
zU1 / 3» 595/ш zU1/ 3* 295/ш zur / 3x 295 /ш :ш/34 2әѕ/ш zu /3х das / UL 
b ‘3anssoid p22ds Б ‘94055944 рээ4$ ђ 'одп5зола рээ4$ b ‘aanssoid рээ4$ Ь ‘914055944 рәәйѕ 
шеи лу ormureuA(T лу шец q му шти му ЭИЧЕЦА uy 





(Ppəpnjouo9) базаа5 YIY ї1мачадаа LV 3dnsSS3Hd OIWVNAQ— 6££ 318V.L 





SMITHSONIAN PHYSICAL TABLES 


859 


TABLE 340.—FORCES ON THIN FLAT PLATES AT ANGLES TO THE WIND 
(FIG. 6) 


For plates at angles to the wind (angle of attack, a) the force is usually resolved into 
components at right angles and parallel to the direction of the relative wind. The compo- 
nents, termed the lift and drag, respectively, are expressed in the form of coefficients, the 
forces being divided by the product of the dynamic pressure and the area of the plate (not 
the projected area on a plane normal to the wind). The ratio of the distance between the 
leading edge and the center of pressure to the chord length is called the center of pressure 
coefficient, CP. The center of pressure is defined as the intersection of the line of action 
of the resultant force, F, with the plate. The forces on a plate vary with "aspect ratio,” a 
term defined for a rectangular plate as the ratio of the span to the chord length. 

The lift (Cz), drag (Cp), and center of pressure coefficients (CP) are given as functions 
of angle of attack a for thin plates of aspect ratio 1, 3, and 6. 


asprcT mamio 1 ehed | | | _ 





Q 10 20 30 40 50 60 70 80 90 
ANGLE OF ATTACK, Сі, DEGREES 
Fic. 6.—The lift coefficient (Ci), the drag coefficient (Cp), and the center of pressure 


(CP) for thin plates for aspect ratios 1, 3, and 6, as a function of the angle a with the wind. 
(See small figure in upper center.) Д = СьАа, І = С, Аа, Х = СР Х с. 


(continued) 


SMITHSONIAN PHYSICAL TABLES 


340 


TABLE 340.—FORCES ON THIN FLAT PLATES AT ANGLES TO THE WIND 
(FIG. 6) (concluded) 


Conditions of experiments 


“ . ESO 
Aspect ratio 1 Aspect ratio 3 Aspect ratio 6 
quu eec Қолма T ЕНЕ ы ы, M o тен 
Authority 131 1 2 В 4 1 3 5 1 3 6 6a 7 
©рап сш 222222222. 287-105 12 12 45 7.6 36 90 272 305 30.5 45.7 to9ł.4 
(ЕПС, CIN s vui ен 25 72025 12 12 1227725 12 15 12 5.08 508 7.6to 15.2 
THICKNESS, CM ass ce ss 232 ale -- 3. 025 217 „3 17.17 129 ————— 
Tunnel diam., cm .... 150 ^, 200 120 150 60 200 150 200 137 137 1524 


Reynolds No. X 10-3 . 210 382 55 42 126 10 55 126 55 64 64 153 


131 Authorities: 1, Eiffel G., Resistance de l'air et l'aviation, 2d ed., p. 231, Dunod et Pinat, Paris. 2, 
Dines, Proc. Roy. Soc. London, A, Math. and Phys. Sci, vol. 48, p..233, 1890. 3,Fóppl, Jahrb. Motor- 
luftschiff-Studiengesellsch., vol. 4, p. 51, 1910. 4, Riabouchinski, Bull. Inst. Aerodynam. de Koutchino, 
Petrograd, vol. 4, p. 113, 1912. 5, Stanton, T. E., Air resistance of plane surfaces, Minutes of Proc. 
Inst. Civil Eng., vol. 156, p. 78, 1903. 6 and 6a, National Bureau of Standards, private communication. 
7, Knight, Montgomery, and Wenzinger, Carl J., Wind tunnel tests on a series of wing models through 
a large angle of attack range, Pt. 1, Force tesis. NACA Rep. No. 317, 1929. 


TABLE 340A.—VALUES OF DRAG COEFFICIENT C, FOR FLAT PLATES OF 
DIFFERENT ASPECT RATIO NORMAL TO THE WIND (a — 90?) 


Values of C» for circular disks are practically the same as for a square plate. 


Aspect ratio 1 2 3 4 5 6 7 8 со 
(Ср ІРІ 1.18 1.22 1.24 1.26 1.28 1.30 з? 2.00 


TABLE 340B.—FORCES ON NONROTATING CIRCULAR CYLINDERS 
(FIG. 7) 


The drag coefficient C» for cylinders whose axes are perpendicular to the relative wind, 
the area Æ being taken as the product of the length L and diameter d, depends to a marked 
degree on the aspect ratio > the Reynolds number R, and the Mach number M. The 
figure shows the variation of the drag coefficient C» with R for cylinders of infinite aspect 
ratio at very low Mach numbers. The drag coefficient C» varies with Mach number in a 
manner quite similar to that of the sphere on Table 340C (figures 8 and 10). 


Ww 


DRAG COEFFICIENT, Cp 





10 102 103 104 105 10° 
REYNOLDS NUMBER, В 


Fic. 7.— The drag coefficient C» as a function of the Reynolds number R at low, Mach 
numbers for cylinders of infinite aspect ratios with axes perpendicular to the wind. 


Drag — C»4q, Reynolds number, R = "e >» Mach number, M — T For q see Table 


339, У = air speed, p = air density, n = coefficient of air viscosity. 


132 Wieselberger, C., New data on the laws of fluid resistance. NACA TN No. 84, 1922. Relf, E. F., 
Discussion of the results of measurements of the resistance of wires with some additional tests on the 
resistance of wires of small diameter. R. & M. No. 102, British ACA, March 1914. Wieselsberger, C., 
Further information on the laws of fluid resistance. NACA TN No. 121, December 1922. 
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TABLE 340B.—FORCES ON NONROTATING CIRCULAR CYLINDERS (FIG. 7) 
(concluded) 


The variation of C» with aspect ratio for Reynolds number of 80,000 is as follows. 





Aspect ratio E 1 2 3 5 10 20 40 со 


Ср .63 .69 ‚75 ‚75 83 SE 1.00 1.20 





If the axis of the cylinder is inclined to the wind direction, the force remains approxi- 
mately at right angles to the axis of the cylinder, its magnitude falling off approximately 
as the square of the sine of the angle of the axis to the wind. 


TABLE 340C.—FORCES ON SPHERES (FIGS. 8-10)" 


For spheres, the linear dimension / is taken as the diameter of the sphere d and the area 


2 

A as T For values of Reynolds number between 80,000 and 400,000 at low values of 
Mach number the value of the drag coefficient C» depends in large measure on the tur- 
bulence of the air stream. As the Reynolds number is increased in this range the drag 
coefficient of the sphere and the pressure coefficient at the rear of the sphere decrease: 
rapidly. The pressure coefficient is equal to the ratio of the difference between free stream 
stagnation pressure and local static pressure to the dynamic pressure q. The Reynolds 
number at which the pressure coefficient at the rear of the sphere is 1.22 1s defined as the 
critical Reynolds number, Rer. This value of pressure coefficient corresponds very nearly 
to C» —.3. The value of Rer represented by point d in the figure is considered to be 
typical of turbulence-free air. 


2.0 





1.5 
Ср 
| || 
5 И 
С 
О 


IO 102 [03 104 [05 108 
REYNOLDS NUMBER, R 


Fic. 8.—The drag coefficient C» on spheres as a function of the Reynolds number. 


Drag, D'zzC»4g Ré MEO 


Sphere tests in wind tunnels indicate different values of Rer for different sphere sizes. 





(4y' — (K) are plotted as a 


2 
Correlation of the data may be obtained if values of y 


function of Rer. The value Vu? is the root-mean-square of the fluctuation velocity in the 
direction of the relative wind, I’ the velocity of the relative wind, d the sphere diameter, 
and L is the scale of the turbulence as defined in the reference. The figure shows a cor- 
relation (K) obtained with two sizes of spheres and several values of L. 


133 Allen, H. S., The motion of a sphere in a viscous fluid, Phil. Mag., vol. 50, p. 323, 1900. 
Wieselberger, C., Further information on the laws of fluid resistance, МАСА ТМ Хо. 121, Decemher 
1972. Millikan, C. B., and Klein, A. L., The effect of turbulence, Aircraft Eng., vol. 5, p. 169, 1933. 
Platt, Robert C., Turbulence factors of NACA wind tunnels as determined by sphere tests, NACA Кеў. 
Мо. 558, 1936. Dryden, Hugh L., Schubauer, G. B., Mock, W. C., Jr., and Skramstad, H. K., 
Measurements of intensity and scale of wind.tunnel turbulence and their relation to the critical Rey- 
nolds number of spheres, NACA Rep. No. 581, 1937. Ferri, Antonio, The influence of Reynolds 
numbers at high Mach numbers, Atti di Guidonia, n. 67/69, Mar. 10, 1942. 
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TABLE 340C.—FORCES ON SPHERES (FIGS. 8-10) (concluded) 





B wo hz 14 16 № 20 2.2 24 2628 
CRITICAL REYNOLDS NUMBER, Rog 
п? 
Fic. 9.— The value of YE (г). — K plotted as a function of the critical Reynolds 


number, Rer. 


At Mach numbers greater than about 0.3 the drag coefficient Cp depends on the values of 
both Reynolds number and Mach number. 


TCU MACH NUMBER, Mz.9 _ 





REYNOLDS NUMBER R 


Fic. 10.— The drag coefficient for a sphere as a function of the Reynolds number for 
several Mach numbers. 
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TABLE 341.—FORCES ON MISCELLANEOUS BODIES 343 


The values of the drag coefficients in this table are based on the area of the projection 
of the body on a plane normal to the wind direction. Where this projection is a circle, the 
diameter is used as the linear dimension / in the Reynolds number. Where the projection 
is rectangular, the shortest side of the rectangle is taken as 7. 


Reynolds 
Body Ср number 
Streamline badies of revolution... 222 ....-........ 05- .06 3,000,000 
Rectangular prism IX 1 XxX 5 normal ton 5 Тасе.......... 1.56 180,000 
Rectangular prism 1 X 1 X 5, long axis perpendicular to 
the relative watid atm © <5 face а& 45”................... 92 254,000 
about 
О чин Ра ла See osc ocak en ws tee 78 300,000 
about 
Goce angle 60°, pointe to wind. solid... ovre. SI 270,000 
Cone запо Те 309. point to wind solid. eee a a: 34 270,000 
Hemi phercal cup open Раск аса ки eee 41 100,000 
Hemispherical cup, open тон es occ ee ec sec. ee 1.40 100,000 
Sphero-conic body, cone 20° point (огмага................. .16 135,000 
Sphero-conic body, cone 209 рош іо геаг.................. .09 135,000 
Cylinder 120 cm long, spherical ends with 
axis paralel to ще ще[аиуе элїпб......................... .19 100,000 


TABLE 341A.—SKIN FRICTION ON FLAT PLATES (FIGS. 11, 12) 1% 


If the flat plate is in a uniform stream of fluid and the flow is parallel to the plate the skin 


friction coefficient, Cy, is dependent mainly on the Reynolds number, R = e. The skin 


friction coefficient C; =F Where D, 1s the friction drag per unit width of one side of the 


plate, g the dynamic pressure (see Table 359), and L the length from the leading edge 
of the plate. 


For laminar flow 
1.328 


= = (Blasius) 
VR 
For turbulent flow 
0.455 But 
= logu R)" о В) (Schlichting) 


The Reynolds number for transition from laminar to turbulent flow depends on the 
roughness of the plate and the turbulence of the airstream. 

The figure shows the variation of the skin friction (Cy) with R for laminar and tur- 
bulent flow. 


184 Tetervin, Neal, A method for the rapid estimation of turbulent boundary-layer thickness for calcu- 
lating profile drag, МАСА АСЕ No. L4G14, July 1944 
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TABLE 341A.—SKIN FRICTION ON FLAT PLATES (FIGS. 11, 12) (continued) 


010 





дог. 5 10 2.0 5,0 10 20х106 


REYNOLDS NUMBER, R 


Fic. 11.—A log-log plot of the skin-friction coefficient Cy on a flat plate as a function of 
the Reynolds number for laminar and turbulent flow. 


T 


The local skin-friction coefficient 4— may be approximated by a power function of the 





2q 
Reynolds number based on the momentum thickness, Ко = 7728. When the boundary 
layer 1s laminar 
то — 0.2205 
24 Кө 
When the boundary layer is turbulent 
To = . ОКЕ: 106 ee 
a Е loge me + 55 | 
2.5(1—5V 7,/2q) 


The momentum thickness : 
u u 
= 50-0)» 
QV 1 — p )dy 
where v is the local velocity inside the boundary layer, V the local velocity outside the 


boundary layer, and ô the boundary-layer thickness. The local skin-friction coefficient is 
plotted against Reynolds number for the case of a turbulent boundary layer. 
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TABLE 341A.—SKIN FRICTION ON FLAT PLATES (FIGS. 11, 12) (concluded) 
.0032 


0028 


0024 


.0012 


LOCAL SKIN FRICTION COEFFICIENT 
© 
o 
№ 
o 





0008 | 
205 500 1000 2000 5000 10000 20000 50000 100000 


REYNOLDS NUMBER Rg 


Fic. 12.—The local skin-friction coefficient on a flat plate plotted against the Reynolds 
number for a turbulent boundary layer. 


TABLE 342.—STANDARD ATMOSPHERE ** 


Standard atmospheric values are given up to altitudes of 65,000 feet, and quantities 
that have been found to be of use in the interpretation of airspeed and related factors are 
included (Table 343). These quantities are the pressure f in pounds per square foot, the 
pressure f in inches of water, the speed of sound a, the coefficient of viscosity n, and the 
kinematic viscosity v». The values for the coefficient of viscosity y and the kinematic vis- 
cosity v are not standard values since a standardization of air viscosity has not been agreed 
upon as yet. The values listed for у апа » are believed to be sufficiently accurate, however, 
to be useful in calculations requiring viscosity of air. The coefficierit of viscosity 7 was com- 
puted from the formula 2318 78/2 


ПО ау 
The kinematic viscosity of air » was obtained from the definition »= 1. The quantity 


1/Vo is given to facilitate the computation of the true airspeed VY from the equivalent 
airspeed V.. 1 
Мы үт 
The speed of sound in miles per hour is computed from a — 33.42V T where T is the 
temperature in degrees Fahrenheit absolute. A value of y= 1.4 was assumed to hold 
throughout the temperature range. 

The values of the standard atmosphere are based upon the following values: 


Sea-level pressure po = 29.921 inHg 
= 407.1 inH.O 
— 21162 10 tt. 
Sea-level temperature fo = 59°F 
Sea-level absolute temperature 7, = 518.4°F abs 
Sea-level density po = 0.002378 slug/ft? 
Gravity g = 32.1740 ft/sec’ 


ее сна SE — 0.00356617°F/ft 


The altitude of the lower limit of the isothermal atmosphere = 35,332 її 
Specific weight of mercury at 32?F — 8484149 Ib/ít? 
Specific weight of water at 59°F = 62.3724 Ib/ft® 


185 Aiken, William S.. Jr.. Standard nomenclature for airspeeds with tables and charts for use in 
calculation of airspeed, МАСА Еер. Хо. 837, 1947. Warfield, Calvin N., Tentative tables for the prop- 
erties of the upper atmosphere, NACA TN "Ко. 1200, January 1947. 
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246 TABLE 342.—STANDARD ATMOSPHERE (concluded) 


Up to the lower limit of the isothermal atmosphere (—67^F corresponding to 35,332 ft) 
the temperature is assumed to decrease linearly according to the equation 
dT 
Т == Тео — di h 
Further, the atmosphere is assumed to be a dry perfect gas that obeys the laws of Charles 
and Boyle, so that the mass density corresponding to the pressure and temperature 1s 


eee palo 
d a 


The pressure and altitude are related by 
p— № Т» po 


== Јове 


род То р 
The harmonic mean temperature Tm is given by 
ХАЙ = Ай, + Ай. +... 


Та == âh АА + АЕ + · 
Tes Jun Jui 


where Tarn, Tav, ... are the average temperatures for the altitude increments A/, AJí;, .. 

The NACA Special Subcommittee on the Upper Atmosphere, at a meeting on June 24, 
1946, resolved that a tentative extension of the standard atmosphere from 65,000 to 100,000 
feet be based upon a constant composition of the atmosphere and an isothermal tempera- 
ture which are the same as standard conditions at 65,000 feet. This tentative extended 
isothermal region (Table 344) ends at 32 kilometers (approximately 105,000 ft). It 15 
possible that as results of higher altitude temperature soundings become available and the 
standard atmosphere is extended to very high altitudes the present recommendations may 
be modified. 

The Subcommittee also recommended that the values of temperature given in the follow- 
ing table be considered as maximum and minimum values occurring for the given altitudes 
with the variations between the specified points to be linear: 








Temperature (°C abs) 


Altitude ee ee eee 
(km) Minimum Maximum 
20 180 250 
25 -— 250 
45 200 380 


A tentative extension of the standard atmosphere computed from the equations using 
the recommended isothermal temperature and constant gravity altitudes from 65,000 to 
100,000 feet are included in the table. Calculations have been made "5 by assuming that 
the acceleration of gravity varies inversely as the square oí the distance from the center 
of the earth. Up to 100,000 feet this assumption does not greatly affect the tabulated values. 
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TABLE 343.—PROPERTIES OF THE STANDARD ATMOSPHERE* 347 





Coefficient 
4 Tem- Speed , . 
Density per- of | viscosity, Kinematic 
Alti- Pressure, p Density Tatio 1 ature, sound, 1 viscosity, 
шае,Һ му«>-------------. р m me 16 RE a slugs = 
ft ]b/ft? inH.O inHg slugs/£t8 ~ Pa Vo °F abs mi/hr ft-sec #12/зес 


О 2116 407.1 29.92 4002378 1.0000 1.000 518.4 7609 3.725107 1.566x10- 
2,000 1968 23785 27.82 .002242 (9428 1.030 511.2 755% 3685 1.644 
4,000 1828 351.6 25.84 .002112 .8881 1.061 504.1 750.4 3.644 1725 
6,000 1696 326.2 23.98 .001988 .8358 1.094 497.0 745.1 3.602 1.812 


8,000 1572 3024 2222 .001869 .7859 1.128 489.9 739.7 3.561 1.905 
10,000 1455 2790 20.55 .001756 .7384 1.164 4827 734.3 3.519 2.004 
12,000 1346 2589 19.03 .001648 .6931 1.201 475.6 728.8 3.476 2.109 
14,000 1243 2391 17.57  .001545 .6499 1.240 468.5 723.4 3.434 2209 


16,000 1146 220.6 16.21 .001448 .6088 1.282 461.3 718.7 3.391 2.342 
18,000 1056 203.2 14.94 .001355 .5698 1.325 4542 712.2 3.348 2.471 
20,000 972.1 187.0 13.75 .001267 .5327 1.370 447.1 706.6 3.305 2.608 
22,000 893.3 171.9 1263 .001183 .4974 1.418 439.9 701.1 3.261 2.756 


24,000 819.8 157.7 11.59  .001103 .4640 1.468 4328 6953 3217 2.916 
26000 75071445 1062 001028 .4323 1521 4257 6895 3.173 3.086 
28,000 687.4 132.2 9.720 .000957 .4023 1.577 418.5 683.7 3.128 3.268 
30,000 628.0 120.8 8.880 .000889 .3740 1.635 411.4 677.9 3.083 3.468 


32,000 572.9 110.2 8.101 .000826 .3472 1.697 404.3 672.0 3.038 3.678 
31 000 ТОО ОООО 9/18 1.763 397.2 666.0 2.992 SOLI 
35,332 4898 94.24 6.926 .000727 .3058 1.808 392.4 662.0 2.962 4.073 
36,000 474.4 91.31 6.711 .000705 .2963 1.837 392.4 662.0 2.962 4.204 


38,000 431.1 82.97 6.098 .000640 .2692 1.927 392.4 662.0 2.962 4.625 
40,000 391.9 75.44 5.544 .000582 .2448 2.021 3924 662.0 2.962 5.089 
ОҚА 9502 80020 5088 000529 2225 2.120 3024 662.0 2.962 5.599 
44,000 323.7 62.29 4.578 .000480 .2021 2.224 392.4 662.0 2.962 6.161 


46,000 2942 56.63 4.162 .000437 .1838 2.333 392.4 662.0 2.962 6.778 
48,000 2674 51.46 3.782 .000397 .1670 2.447 392.4 662.0 2.962 7.459 
50,000 243.1 46.78 3.438 .000361 .1518 2.567 392.4 662.0 2.962 8.206 
52,000 2209 42.52 3.124 .000328 .1379 2.692 3924 662.0 2.962 9.028 


54,000 200.8 38.64 2.840 .000298 1.1254 2.824 392.4 662.0 2.962 9.933 
ОООО 15257035312 2.5811 00271 1140. 22002 392.4 6620 2962 10.93 
58,000 1650 31.92 2.346 .000246 .1036 3.107 392.4 662.0 2.962 12.02 
50:000 1505 2901 2152 7000224 (9415 3259 35924 662.0 2.962 15:73 


62,000 137.1 26.37 1.938 .000203 .08557 3.419 392.4 662.0 2.962 14.56 


64,000 124.6 23.96 1.761 .000185 .07777 3.586 392.4 662.0 2.962 16.02 
65,000 118.7 22.85 1.679 .000176 .07414 3.672 392.44 6062.0 2.962 16.80 


* For metric values see Table 628. 


TABLE 344.—PROPERTIES OF THE TENTATIVE STANDARD-ATMOSPHERE 








EXTENSION 
Coefficient 
р Tem- Speed . of | 
Density per- of Viscosity, Kinematic 
Altitude Pressure, p Density, Tatio. 1 ature, sound, Ш viscosity, 
h p RC p Сета ы а slugs Е 
ft 1b/ft? tnH.O inHg  slugs/ft3 E *Fabs mi/hr ft-sec ft?/sec 


Vo 
65,000 118.7 2285 1.679 .000176 .07414 3.672 3924 6620 2.962Х10716.80Хх10: 
70,000 93.53 17.99 1.322 .000139 .05839 4.138 3924 662.0 2.962 21:33 
75,000 73.66 1417 1.042 .000109 .04599 4.663 392.4 662.0 2.962 27.09 
80,000 58.01 11.16 .8202 .0000861 .03621 5.255 392.4 662.0 2.962 34,39 
85,000 45.68 8.789 .6460 .0000678 .02852 5.921 392.4 6062.0 2.962 43.67 
90,000 35.97 6.921 .5086 .0000534 .02246 6.672 392.4 662.0 2.962 55.45 
95,000 28.33 5.451 .4006 .0000421 .01769 7.519 392.4 6620 2.962 70.41 
100,000 22.31 4.293 .3156 .0000331 .01394 8.472 392.4 662.0 2.962 89.41 
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In high speed research, use is frequently made of the theoretical relationships existing 
between the Mach number and various flow parameters. Two types of flow are tabulated : 
isentropic flow and normal-shock flow. Isentropic flow 1s generally valid for a subsonic or 
supersonic expanding flow and may be used for subsonic compression flow. Normal-shock 
How is valid for supersonic compression flow when the deviation of the flow through the 
shock is zero. Oblique-shock flow may be obtained from the normal-shock flow by super- 
imposing a velocity tangential to the shock. 

The assumption that air is a perfect gas with a value of y of 1.400 is valid for the condi- 
tions usually encountered in the subsonic and lower supersonic regions for normal stagna- 
tion conditions. For Mach numbers greater than about 4.0 or for unusual stagnation 
conditions, however, the behavior of air will depart appreciably from that of a perfect gas 
if the liquefaction condition is approached, and caution should be used in applying the 
results in the table at the higher Mach numbers. 

The formulas for isentropic flow are: 
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and the formulas for normal-shock flow are: 
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w6 Burcher, Marie A., Compressible flow tables for air, N.\C.\ TN No. 1592, August 1948. 
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TABLE 345.—COMPRESSIBLE FLOW TABLES FOR AIR (concluded) 
2 
= = Gr) (+) 
pi М, P2 
Vi |t. pi 
Г, Ра 





where 
a = speed of sound in air. 
A = cross-sectional area of the stream tube. 
Аст = cross-sectional area of the stream tube for M: = 1.0. 


Ес = compressibility factor, increase in pressure above the static pressure set up in 
a tube whose open end is pointed into the relative wind divided by the 
dynamic pressure. 


V 
M = Mach number (4) 


— Mach angle, degrees. 
p — absolute pressure. 
T — temperature, °F absolute. 


V = airspeed, feet per second, computed for Т = 520° Е absolute and a= 
1117.372 feet per second. 


y = ratio of specific heats, taken as 1.400. 
y == expansion angle required to change Mach number from 1.0 to Mı, degrees. 
p = mass density of air. 
Subscripts : 
0 = stagnation conditions before shock. 
1 = air stream conditions before shock. 
2 = air stream conditions behind shock. 
3 = stagaation conditions behind shock. 
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TWO-DIMENSIONAL SUPERSONIC 
FLOW AROUND A CORNER 


Fic. 13.—Illustrating three types of flow, 
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TABLE 346A.—FORCES ON AIRFOILS AT ANGLES TO THE WIND 
(FIGS. 14, 15) №" 


By suitably proportioning the thickness distribution over the chord of a plate, an airfoil 
may be derived around which the flow will adhere even when the angle of attack is large. 
Because the flow remains attached to the airfoil, high lift coefficients may be obtained with 
low drag coefficients. 

The flow around a particular airfoil at a given angle of attack depends on the Reynolds 
number, К, the Mach number, M, and the degree of surface roughness. The main effect 
of increasing the Reynolds number is to change the maximum-lift coefficient and the 
minimum-drag coefficient. When the surface of the airfoil is made rough, simulating the 
surface of an actual airplane wing, the flow breaks away from the upper surface of the 
airfoil at a smaller angle of attack and therefore results in a considerably smaller value of 
maximum-lift coefficient. А rough surface increases the percentage of the chord over 
which the flow is turbulent and tends to make the drag coefficient much higher (see 
figure 11). As the Mach number is increased the variation of the local velocity from the 
stream velocity 1s increased. 

On figure 14 are shown the force coefficients for two symmetrical NACA airfoils of 
infinite aspect ratio plotted against angle of attack, a, for a Reynolds number of 6 X 10°. 
Methods exist (see Method for calculating wing characteristics by lifting-line theory using 
nonlinear section lift data, by James C. Sivells and Robert H. Neely, NACA TN No. 1269, 
April 1947) for converting infinite aspect ratio data to finite wing characteristics. The 
force coefficients of a 21-percent thick airfoil in the smooth condition and a 12-percent thick 
airfoil in both the rough and smooth conditions are given. 

Figure 15 shows the variation in the force coefficients with Mach number for a sym- 
metrical 9-percent thick airfoil at an angle of attack of 2° and at Reynolds numbers from 


35 X 10i to 73 X 10: 


137 Abbott, Ira H., von Doenhoff, Albert E., and Stivers, Louis S., Jr., Summary of airfoil data. 
NACA Rep. No. 824, 1945. Stack, John, and von Doenhoff, Albert E., Tests of 16 related airfoils at 
high speeds, NACA Rep. No. 492, 1934. 


(continued) 
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TABLE 346A.—FORCES ON AIRFOILS AT ANGLES TO THE WIND 
(FIGS. 14, 15) (concluded) 


< E 


NACA 64,—Ol2 AIRFOIL NACA 64:-021 AIRFOIL— — — 
SMOOTH 





ANGLE OF ATTACK Q DEGREES 





—24 
6 1.2 а 0 4 8 12 16 
LIFT COEFFICIENT C, 


Еіс. 14.— Force coefficients for two symmetrical airfoils of infinite aspect ratio plotted 
against angle of attack, a, for Reynolds number 6 X 10°. 


с luc» 


NACA 0009 AIRFOIL 





MACH NUMBER, M 


Fic. 15.— The force coefficients, Cz, C», and CP, plotted against Mach number for a 
9- лек airfoil at an angle of attack of 2° and Reynolds number from .35 X 10° 
to DTE 
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TABLES 347-369.—DIFFFUSION, SOLUBILITY, SURFACE 


TENSION T NPR AT ORKRTRESSURE 


TABLE 347.—DIFFUSION OF AN AQUEOUS SOLUTION INTO PURE WATER 


If k is the coefficient of diffusion, dS the amount of the substance which passes in the 
time dt, at the place x, through g cm’ of a diffusion cylinder under the influence of a drop 


of concentration dc/dx, then 


45 == — Ка т.“ 


k depends on the temperature and the concentration. c gives the gram-molecules per 
liter. The unit of time is a day. 


Substance 
Bromine 
Chlorine 
Copper sulfate 
Glycerine 


Iodine 
Nitric acid 
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Silver nitrate 
Sodium chloride 
Urea 
Acetic acid 
Barium chloride 
Glycerine 
Sodium acetate 

E chloride 
Urea 


Асепеаса 2.27 


Ammonia 
Formic acid 
Glycerine 


Hydrochloric acid .... 
Magnesium sulfate .... 
Potassium bromide ... 
hydroxide . 
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Sodium chloride 


..... 


У iodide 
Sugar 
Sulfuric acid 
Zinc sulfate 
Acetic acid 


Calcium chloride ..... 
Cadmium sulfate ..... 
Hydrochloric acid ... 
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Sulfuric acid 

Zinc acetate 
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Potassium carbonate .. 
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Substance 
Calcium chloride ... 


“ “ 


“ “ 


.4... 
е0 = а 
ee eee 
«ач... 
.4..4..... 
.......... 
.. «“..... 


Magnesium sulfate . 
[T £6 


$4 “ 


“ “ 
Potassium hydroxide 
“ ét 
“ “ 


nitrate . 
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444“. 
.4%%.: 
e.st eaa 
..... 
+ «з • • • • 


T2 
e S k 
864 8.5 .70 
1.22 9. Ио 
.060 9. .64 
.047 9. .68 
195 12 28 
05-16 ‚26 
UU. ME 9 
005 1 47 
2/8 10.14 .354 
6/8 10.14 .345 
10/8 10.14 .329 
14/8 10.14 .300 
452 15 22935 
3.16 11. 2.67 
.945 11. 2.12 
387 11. 2.02 
250 11. 1.84 
2.18 55 .28 
1254] 55 ‚32 
323 10. 22 
402 10. .34 
75 ДЕ. 1272 
49 12 1-70 
375 ee 1.70 
3.9 [706 ‚89 
1.4 17:6 110 
5 17:0 919265 
02 176 175 
95 19.26 .79 
.28 19.6 86 
05 19.6 97 
102 190 ІШ 
3,9 12: 535 
9 12; .88 
022 12 1.035 
2/8 14.53 1.013 
4/8 14.33 .996 
6/8 14.33 .980 
10/8 14.33 .948 
14/8 14.33 .917 
9.85 18. 2.36 
4.85 18. 1.90 
2.85 18. 1.60 
85 18 1.34 


TABLE 348.—DIFFUSION OF VAPORS 


355 


Coefficients of diffusion of vapors in cgs units. The coefficients are for the temperatures 
given in the table and a pressure of 76 cmHg. 


Vapor Temp. 

ОПИС ... Eee .0 
ud LERNEN E 65.4 

Ж Sc a Acie i 84.9 

Acetic re ais GOS ‚0 
ОТРС И. 65.5 

EM ee. ae 98.5 
оао... м... 0 

DI NE, 98.0 

Adesnols: Methyl .:...—..... ‚0 
к ТР 25.6 
р 49.6 

ЕПУ ese .0 
М T 40.4 

о ЧАРО 66.9 

РГОрУ t omes ds .9 
тая 66.9 
а. 83.5 

Barvila Su rt 0 

О ТА 2222 99.0 

И es ise sae 0 

S аге 99.1 

ETexvib а НЕ 0 

V Nin 99.0 

I GBEBUe 9... ene DN Oo neo hee ‚0 
ПНЕ о > 19.9 
ОУ T aa 45.0 
Gammon (1$змЇһйе ............... ‚0 
E реа 19.9 

S BELA PEN eere 32.8 
Esters: Methyl acetate ......... 0 
Y DM s. Eos 20.3 

Ethyl E E. Е 0 

^ а.г 46.1 

Methyl butyrate ....... 0 

AEN 2-5 92.1 

Ethyl МАР е ‚0 

E e NX 96.5 

"E valerate o5 о s 0 

i ED cot 97.6 

BUSES evel coe ERST EE .0 
ЕИ ес 19.9 
ЕТЕ с И ‚0 
EN ООШ... нв 49.5 
ИНЕТ. Ке 9 92,4 
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kt for vapor 
diffusing into 
hydrogen 


131 
1873 
8830 
‚4040 
6211 
‚7481 
2118 
„3934 


‚5001 
‚6015 
‚6738 
„3806 
‚5030 
‚5430 
„3153 
‚48632 
5434 
2716 
‚5045 
2951 
.4362 
.1998 
3712 


‚2940 
3409 
20209 


.3690 
.4255 
.4626 


32/1] 
„3928 
2972 
3129 
2422 
4308 
12235 
4112 
‚2050 
„3784 


.2960 
3410 


.6870 
1.0000 
1.1794 


kt for vapor 

diffusing into 
air 
81515 
.2035 
.2244 
.1061 
.1578 
1905 
10555 
.1031 


1325 
‚1620 
1809 
‚0994 
13/2 
1475 
0803 
21292 
1379 
.0681 
1265 
0589 
1094 
‚0499 
‚0927 


.0751 
.0877 
ЛОП 


.0883 
.1015 
.1120 


.0840 
2015 
‚0630 
.0970 
.0640 
1139 
0573 
‚1064 
‚0505 
‚0932 


0775 
0893 


1980 
2827 
3451 


kt for vapor 

diffusing into 

carbon dioxide 
0879 
.1343 
1519 
ШІ 
‚1048 
1521 
0375 
‚0596 


0880 
‚1046 
1234 
0693 
0898 
.1026 
0577 
.0901 
.0976 
.0476 
.0884 
.0422 
.0784 
‚0351 
„0651 


0927 
.0609 
0715 


‚0629 
‚0726 
0799 


0557 
0679 
0450 
0666 
0438 
0809 
0406 
0756 
‚0366 
‚0676 


10552 
.0636 


.1310 
.1811 
.2384 


356 


TABLE 349.—COEFFICIENTS OF DIFFUSION FOR VARIOUS GASES 





AND VAPORS 


Coefficient 
Gas or vapor diffusing Gas or vapor diffused into Temp of diffusion 

ОУ оли Hydrogen em сео т ‚661 

СІ. Oxvpcn NN ose ek ares ‚1775 

Carbon dioxide ..2..... Ar р. 1423 

ý Ree see КИЕСІ... 1360 

i: A SS Carbon Monoxide елена, .1405 

" Ww SEEN TO " Ея 1314 

EE . v Но ТЕТЕ И и и и 022 .5437 

“ лк E Methane TERR -.$....;......+ S ‚1465 

5 CORO LO а: МОШЕ ОИ ИН S ros e rere S .0983 

Ч ОУ очи (хур И.о. .1802 

Carbon disulfide ....... Air ШШШ aa d .0995 

Carbon monoxide ...... еңел лы e 1314 
" 4 м Е... —— — .101 

i Т ЗА Туйган ................... а ‚6422 

и "^" | ae. ORV OCH... oc oc enw ewenbecs ace eee 1802 

|. о. RE... a ss ev Eee ieee eas 1872 

Ве. ЖЕТТЕН аан. 0827 

ШЕ. ГУЛ ОРОП ................-....... .3054 

ПУ беп а. ЖЕТІ ...................... .6340 

<r re Савр атое о. еен .5384 

А са, теде .......2............. .6488 

ШЕ use О ааа ооа. .4593 

> Е N. Ethene aE o TT ‚4863 

EET о ТЕПА ПО оаа. .6254 

т N 8 ое... ен ое .5347 

ER (E ео на 6788 

INTEROP EM льва, а. ОКУ ......... о ‚1787 

ре ББ ШЕПТЕ... 2-22... sae 1557 

EE о О о. о. ове a a s 7217 

NEU о ee PE CCT а о о ои ка аута на ни а 0 1710 

Saliun dioxide ss- Ре о, не. 0 .4828 

У а. ао еле 8 .2390 

BEEN о ТРИИ ПИ ИН... аға” 18 .2475 

ПН... uan Усоре. 18 .8710 





TABLE 350.—DIFFUSION OF METALS INTO METALS 


dv 4; where x is the distance in direction of diffusion; v, the degree of concentra- 
di "dx? tion of the diffusing metal; ¢, the time; k, the diffusion constant = the 

quantity of metal in grams diffusing through a cm’ in a day when unit 
USC of concentration (g/cm?) is maintained between two sides of a layer one cm 
thick. 


Dis- Dis- 
solving Temper- solving Temper- 
Diffusing metal metal ature °C k Diffusing metal metal ature °C k 
Gold E ee leadg 1559 3.19 Platinum Lead .... 492 1.69 
Е С. 192 3.00 De3udl os Tin eee 535 3.18 
„ЖЕ а v ul .03 Rhodium Lead .... 550 3.04 
иг. Er i, .008 Ringers. e Mercury. 15 1222 
n oo. "et RES .004 ead у. 15 1.0 
UEM “22 10) 00002 ПЕТ оон ы 15 1.0 
UE o os Bismuth . 555 4.52 Sodium ...... A - ЈЕ .45 
Е.Е 22-4 ТІ em 55 4.65 Potassium К d . .40 
SHOE Sess "hn Saath eee 935 4.14 Со 0. | . 195 .72 
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TABLE 351.—SOLUBILITY OF INORGANIC SALTS IN WATER 357 
(Temperature variation) 


The numbers give the number of grams of the anhydrous salt soluble in 1000 g of water 
at the given temperatures. 


Temperature °C 


Salt 0 10 20 30 40 50 60 70 80 90 100 
Ок. 1150 1600 2150 2700 3350 4000 4700 5500 6500 7600 9100 
AES Oise ae. 313 335 362 404 457 521 590 662 731 808 801 
АҺК,(50,), ... 30 -— -- 84 -— -- 2248 -— -- -- 1540 
Ak(NHs)s (SO). 26 45 66 9} 124 159 21 270 352 -- -- 
БО у. дол: 11 15 22 — 40 -— 62 — 95 -— 157 
Ба и 316 333 357 382 408 436 464 494 524 556 588 
Баб Оз) 2222... 50 70 92 116 142 171 203 236 270 306 342 
САП 2522 595 650 745 1010 1153 -- 1368 1417 1470 1527 1590 
CoBB c... c Е 405 450 500 565 650 935 940 950 90 -- 1030 
СЕ 06 1614 1747 1865 1973 2080 2185 2290 2395 2500 2601 2705 
ӘЛІШ eR eese 93 149 230 339 472 644 838 1070 1340 1630 1970 
В В... 1671 1731 1787 1841 1899 1949 1999 2050 2103 2149 2203 
Си(МО»)» ..... 818 — 1250 -- 1598 -- 1791 — 2078 — -- 
gustos com 49 -- -- 255 295 336 390 457 535 627 755 
ШЕСЕ оа — --- 685 -- -- 820 -- -- 1040 1050 1060 
POI 22. 744 80 98 -- -- 3151 -- -- 5258 -- 5357 
НОВО etse 156 208 264 330 402 486 550 560 506 430 — 
Е есе 43 66 74 84 96 113 139 173 243 371 540 
РР... 540 — 60 -- 70 — 860 — 955 -- 1050 
КВО а 1050 — — 1140 1170 1210 1270 1330 1400 1470 1560 
Поло 285 312 343 373 401 429 455 483 510 538 566 
В... 33 50 71-01 145 197 260 325 390 475 200 
и... 55) 609 9629 1650 60 00 10 /30 21 771 704 
КОГО а 50 85 131 — 292 — 505 -- 730 -- 1020 
КНСО S: 225 277 332 390 453 522 600 -- -- -- -- 
ЗЕ СЫ НЕЕ 1279 1361 1442 1523 1600 1680 1760 1840 1920 2010 2090 
КООЗ Е. 133 209 316 458 639 855 1099 1380 1690 2040 2460 
KORR у. 970 1030 1120 1260 1360 1400 1460 1510 1590 1680 1780 
ҚОШ P. 7 9 11 14 18 22 26 92 38 45 52 
Кезо... 74 92 М 130 148 165 182 198 24 280428 
ISBN. ы. 127 127 128 129 130 133 138 144 153 — 175 
WG ЖЕНИШИН 528 535 545 -- 575 — 60 — 660 -- 730 
м ..(7aq) 260 309 36 409 456 -- -- -— -— -- — 

т ..(6aq) 408 422 439 453 — 504 550 596 642 689 738 
МІНЕП та 297 333 372 414 458 504 552 602 656 713 773 
NEWCO: =... .. 19 59 210 270 -— -— -- — -- -- -- 
БЫНЫ is. 1183 -— -— 2418 2970 3540? 4300? 5130? 5800 7400 8710 
(NETS Om. 22... 706 730 754 780 810 844 880 916 953 992 1033 
А 222 795 845 903 -- 1058 1160 1170 -- 1185 — 1205 
аво. --- 16 -— 39 -- 105 200 244 34 408 523 


ХазСО:...(10аа) 71 126 214 409 Ca == = a E M 
5 (аа) 204 263 -335 2485 (144! 475 464 458 452 452 452 


Nae eos. 250 57 358 300 35 57 М1 595 380 385 999501 
Мао а 820 890 900 -- 1235 — 1470 -- 1750 -- 2040 
Мама ба Сола 317 502 900 — 960 1050 150 -- 1240 -- 1260 
Nase rie csse. 1630 1700 1800 1970 2200 2480 2830 3230 3860 -- 4330 
ао... 69 82 96 111 127 145 164 -— -— -— — 
NHPO A 25 39 93 241 639 — -- 99 -— -- 988 
МӘЛ SEE es. 1590 1690 1790 1900 2050 2280 2570 -- 2950 — 3020 
а... 730 805 880 962 1049 1140 1246 1360 1480 1610 1755 


(continued) 
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TABLE 351.—SOLUBILITY OF INORGANIC SALTS IN WATER (concluded) 


Temperature *C 


е-е L eee 
Salt 0 10 20 30 40 50 60 70 80 90 100 


МАЛЫҚ ae 420 515 1090 1190 1290 1450 1740 — 3130 -— -- 
Ма) sus 32 39 62 99 135 174 220 255 300 -—  -— 
Ха:5 Оз Е 141 p 287 REA 495 = EA == т = 330 


(Тад) 196 305 447 468 455 445 437 429 427 


Na2S203 ........ 525 610 700 847 1026 1697 2067 --- 2488 2542 2660 
а. -— 600 640 680 720 760 80 — -— -— -- 
ОО 272 --- -- 425 -- 502 548 594 632 688 776 
РЕ ШИ 5 6 8 12 15 20 24 28 33 — 48 
РО.) ...... 365 444 523 607 604 787 880 977 1076 1174 1270 
В о. 770 844 911 976 1035 1093 1155 1214 1272 1331 1389 
ВВ о... 15 330 553 813 1167 1556 2000 2510 3090 3250 4520 
СзО. 3644 426 482 535 585 631 674 714 750 787 818 
ЭШ... 442 483 539 600 667 744 831 896 924 962 1019 
ӘНЕ M m -—  — 10 12 14 17 21 25 30 34 40 
SE NO а 395 549 708 876 913 926 940 956 972 990 1011 
Th(SO;) с . (Эаа) 7 10 14 20 30 51 = cu —= —— == 

E ..(4aq) -— -— -— -— 40 25 16 11 -— -— -— 
TENE S Lom 2 2 3 5 6 8 10 13 16 20 — 
Тв... 32 62 96 143 209 304 462 695 1110 2000 4140 
ТВ. E.. 27 94 49 62 76 92 109 127 146 16 -- 
YDSO, ...x. 442 — — — -- -- 104 72 69 58 47 
ГП О ја... е: 948 -- -- -- 2069 -— -- -- — -- -- 
ПН, с. E -— --- --- -- 700 768 -— 890 860 920 785 


TABLE 352.—SOLUBILITY OF A FEW ORGANIC SALTS IN WATER 


(Temperature variation °C) 


Salt 0 10 20 30 40 50 60 70 80 90 100 
ВО: 0..2... 36 so 12 15 28 321 445 635 978 1200 
ЕН СО а .. 26 45 69 106 162 244 358 51 708 -- 1209 
Tartaric acid ... 1150 1260 1390 1560 1760 1950 2180 2440 2730 3070 3430 
Racemic “ ... 92 140 206 291 433 595 783 999 1250 1530 1850 
ОВОЗИ 7 2900 — 3350 — 3810 -- 4550 -— 5750 -- 7900 
Ке) у. 3 4 6 9 19 18 24 32 45 57 69 


TABLE 353.—SOLUBILITY OF GASES IN WATER 
(Temperature variation °C) 
The table gives the weight in grams of the gas which will be absorbed in 1000 g of water 


when the partial pressure of the gas plus the vapor pressure of the liquid at the given 
temperature equals 760 mmHg. 


Gas 0 10 20 30 40 50 60 70 80 


О; .0705 0551 ‚0443 .0368 0311 0263 0221 0181 2135 
Н, 00102 .00174 .00160 .00147 .00138 .00129 .00118 .00102 .00079 
№, 0293 .0230 .0189 .0161 .0139 0121 0105 ‚0089 ‚0069 
Вг; 431. 248. 148. 94. 62. 40. 28. 18. И. 

СІ; — 9.97 /.29 5.72 4.59 3.93 3.30 2.79 2:23 
СО: d 282 1.69 1.26 57 .76 .58 — — 


FES 7.10 5.30 3.98 — — >= = = oo 
МН. 987. 689. S35 422. — = E p T 
50; 228. 162. 113. 73. 54. -- -- — — 
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TABLE 354.—CHANGE OF SOLUBILITY PRODUCED BY UNIFORM PRESSURE 








С450,8/3Н.О 2150,.7Н-0 А 
ar 254 C at 25%C Mannite at 24.05° C NaCl at 24.05° C 
pe] n ----------- 
Е % £ 50 £ 5 £ 5 
= 2 S 2 5 a S $ 8 
я 55 © 55 5 5% © =. © 
= s Ф “ = Ф w Ф ч Ф Ф 
Ба Е bo © О 50 лоо 50 n aO 50 
g = On = Ош 2 SET m" sor ES 
2 dps Ф A) S ‚Б © 4. 5 
f Dr E BS E Е E eee 
2. O we e. а A, О че E. p) = E. 

1 76.80 — 57.95 — 20.66 — 35.90 — 
500 78.01 +1.57 57.87 —.14 21.14 +2.32 36.55 +1.81 
1000 78.84 +2.68 57.65 —.52 21.40 +3.57 37.02 +3.12 
1500 — — — — 21.64 +4.72 37.36 +4.07 
TABLE 355.—COMMONLY USED ORGANIC SOLVENTS * 

Arranged in the order of their boiling points 
Boiling Boiling 
point point 
Name S Name ЖС 
Et d е ен 22222... 2... 34.54 Xylene (0) сене но. у И 144 
Carbon disulfide 5... 46.25 Amy acetate RE eo я 147.6 
Acerone Е... Е... 56.08 Ethyl ас а... м. 154 
Methyl acetate 22... 22... 574 Cellosolve acetate... 5... A. 156 
ООО... a a a E 61.2 Cyelohexanoners..:.. mer .. sae. 156.7 
Мен соло... 64.5 Furbüral 22222222 Е 158-162 
Carbon tetrachloride ............ 76.74 Butyl се ЮО. о. Ш. 170.6 
ЕУ а сеансе аи ка бо. 27.15 Ethyl acetoacetate 5 Е. 180.0 
Ру Ае Ола acne wares aoc, 78.32 Diethyl oxalate Е 186.1 
Бентос ОЛУ зул» ы. 79.6 Е у!епе усон и ин не ee 197.2 
1$оргору1 а1соһо1! ............... 82.26 Carbitol РОТ 202 
Ethylene dichloride .......cc.0.6 83.5 Benzyl alcohol o m a на 205.8 
носу ее _...............- 87 Ethyl benzoate ЕТ: 2132 
ЕВ ргорюнае „ааа... 99.1 Butyl stearate 7 223 (25mm) 
Кене ы ed ate RE 110.7 Ва сабо. NM. 230 
Bowl alcohol (O): a о а ee ee 117.7 Iiethylene-pglycol .. 22. m. 245 
Eingi butyrate oeren erana a 1213 Triphenyl phosphate ..... 245 (11mm) 
NMiethylscellosolve ............... 124.5 јасен те О: 259 
ел  сагбопаке .............. 125.8 Diacetin ^ ер ср О. 261 
buts cetate са eorr 126.5 Dimethyl phthalate cer aE 282 
а тастоге ан 8а. 130 Diethyl phthalate <<<: = 296 
О уе. 1251 Dibutyl phthalate)... он 340 
ety IENZeNe mae... Wee. seas eee 136.1 Бату рае... №. -№.. 344 
пу а!соһо1! (ї)............... 137.9 


* Table by J. W. H. Randall, reprinted with permission of Chemical Catalog Co. 
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TABLE 356.—ABSORPTION OF GASES AND VAPORS BY LIQUIDS * 


Absorption coefficient, at, for gases in water 
ЕЕ, ЕН НЕН -_ ЕЕ 


Carbon Carbon Nitric Nitrous 
Tempera- dioxide monoxide Hydrogen Nitrogen oxide oxide Oxygen 
ture ^C 2 CO H N NO 20 О 
0 1.797 ‚0354 „02110 ‚02399 ‚0738 1.048 .04925 
5 1.450 0315 02022 02134 „0646 ‚8778 04335 
10 1.185 0282 ‚01944 ‚01918 10571 2944 ‚03852 
15 1.002 0254 01875 ‚01742 0515 ‚6294 ‚03456 
20 901 (0232 .01809 .01599 .0471 .5443 03137 
25 742 0214 01745 01481 0432 — .02874 
30 -— .0200 .01690 .01370 .0400 — ‚02646 
40 ‚506 0177 01644 01195 , 0351 — .02316 
50 — .0161 .01608 .01074 :0315 — .02080 
100 .244 .0141 .01600 .01011 .0263 — .01690 
Hydrogen Sulfur 
Tempera- Ammonia Chlorine Ethylene Methane sulfide dioxide 
ture °C Air МН; СІ C.H, С 4 әх 5 2 
0 0241 11746 3.036 2563 .05473 4.371 79.79 
5 (02179 971.5 2.808 2153 104889 3.965 67.48 
10 01953 840.2 2.585 1837 04367 3.586 56.65 
15 01795 756.0 2.388 1615 03903 3.233 47.28 
20 101704 683.1 2156 1488 03499 2.905 39.37 
25 е 610.8 1.950 — 02542 2.604 32.79 
Absorption coefficients, at,for gases in alcohol, CAH;0H 
ИИ Nitric Nitrous Hydrogen Sulfur 
Tempera- dioxide Ethylene Methane Hydrogen Nitrogen oxide oxide sulfide dioxide 
ture °C 2 oH, CHA H N NO Хо 2 2 
0 4.329 3.595 .5226 0602 1263 3161 4190 17.89 3286 
5 3.891 3.323 .508 0685 1241 2098 3.838 1478 2517 
10 3.514 3.086 4055 06709 1228 2861 5.525 1199 1903 
15 3.199 2882 4828 063 1214 2748 3215 954 1445 
20 246 2713 .4710 067 1204 265 3.015 741 1145 
25 2.756 2.578 4598 0662 116 2595 2819 562 998 


* This table contains the volumes of different gases, supposed measured at 0°C and 76 cmHg pressure. 
which unit volume of the liquid named will absorb at atmospheric pressure and the temperature stated 
in the first column. The numbers tabulated are commonly called the absorption coefficient for the gases 
in water, or in alcohol, at the temperature ¢ and under 1 atm of pressure. 


TABLE 357.—VAPOR PRESSURE OF SOME ELEMENTS 


(Over liquid unless otherwise noted.) 





Hydrogen Helium 
Iam cw 
°K mmHg °K mmHg 
20.48 787 5.16 16680 
20.36 760 4.9 1329 
19.65 611 4.20 758 
18.03 552 3.52 360 
16.49 192 1.48 4.2 
14.10 59.5 P E 
Radon Oxygen 
m 
°K mmHg °K mmHg 
377.5 62 62.37 9.59 
364.4 53 68.57 36.1 
321.7 26.4 71.71 64 
290.3 13.2 77.59 162.2 
262.8 6.6 86.18 493 
212.4 1.05 90.13 760 
202.6 .66 90.47 786.6 


Neon 
ит FF 


“к 
41.38 
36.27 
31.32 
27217 
20.4 
15.6 


atm 
17.43 
7 


Nitrogen 


°K 
77.33 
76.65 
74.03 
72.39 
70.42 
67.80 
63.65 


——— 


mmHg 


Argon Krypton Xenon 
= EM у 
°K mmHg °K mmHg °K mmHg 
90.35 1026 210.5 41240 287.7 44110 
87.31 746 201.5 31620 255.6 21970 
83.93 512 170.9 11970 244.2 15870 
77.48 201 112.7 387 231.4 11130 
69.43 48.0 88.6 17.4 237.4 13500 
65.49 22.0 84.2 9 183.2 2020 
Chlorine Bromine lodine 
°С atm *C mmHg *C mmHg 
4-100 41.7  4-58.75 760 4-55 3.084 
+ 20 6.62 51.95 600 50 2.154 
0 3.66 40.45 400 45 1.498 
— 33.6 760mm 23.45 200 40 1.025 
— 50 350mm 8.20 100 35 .699 
— 70 118 mm — 7.0 45 30 .469 
— 80 62 тт — 12.0 30 15 131 
— 88 37 mm —16.65 20 0 „030 


Огопе 


mmHg 


34 
760 


°K 
120 
162 
89.94 
86.01 
83.24 
81.36 
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TABLE 358. —SURFACE TENSION OF 
LIQUIDS 


Part 1.—Water and alcohol in contact with 
moist air 


Values represent means. See I.C.T. and L. and B. 
for more. elaborate tables. Tension (y) in dynes/ 


cm. 


“С Н:0 C;H;OH 


—5 764 
0 75.6 

5 748 
10 742 
15 734 
Ж) 7727 
25 719 
30 711 


24.0 
23.5 
23.1 
22.7 
223 
218 
21.4 


Но Сон 


70.3 
69.5 
68.7 
67.9 
67.0 
66.1 
65.7 
64.3 


21.0 
20.6 
20.2 
19.8 
19.4 
19.0 
18.6 
18.2 


НО 
64.3 
62.5 
61.6 
60.7 
59.8 
58.8 


Part 2.—Miscellaneous liquids In contact 


with air 
у 
Dynes 
Liquid °С per cm 
Асеїопе ............ 237 
Acetic acid ......... 27.6 
Amyl alcohol ....... 24 
Ап!Шпе ............ 43 
Вепгепе ............ 27 
en ee ы Е 28.9 
Bromoform ........ 41.5 
Butyric acid ....... 26.7 
Carbon disulfide .... 323 
Carbon tetrachloride. 26.8 
Chloroform ........ 20 272 
thier we: scare 17.01 
Ethyl chloride ...... 16.2 
Glycerine .......... 63 
Methyl alcohol ..... 22.6 
Olive oil cme. 33.1 
Petroleum ......... 26 
Реп „2. 41.0 
Propyl alcohol ...... 23 
Silicon tetrachloride . 17.0 
Tolüene ..... 28.4 
Turpentine ......... 27 
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Formula 


(CHs)2CO 
CH;CO.H 


СНао 
СьН.М 
СЫН» 


CHBr: 


CH;(CH:):CO:H 
CS 


са, 
CHCl; 
СНао 
СН:СІ 


СаН.(ОН); 


CH;OH 


СНВ 
СН.(СН.)ОН 


SiCl, 


САН» 
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TABLE 359.—SURFACE 
TENSION OF SOLUTIONS 
OF SALTS IN WATER 


NH.Cl 


KCOT 


№а,СО, 


KNO, .... 


NaNO; Soe 


CuSO, 
HSO, 


КУ О 
НЫ 2... 


NaOH ... 


КОН 


О М Сл еә = = 
mhain O4 м е 


nN Un G3 tN — 
~ оолодтовлоосвособо=-осомон. 


ae 
WAS жы OD AN 


сә М) 2 ~ Сл © 
IWoSSSOSSxr0 CSS 
о 


бо 00 


Dynes 


per 
cm 


71.1 
75.6 
71.1 
75.7 
86.4 


362 TABLE 360.—SURFACE TENSION OF LIQUIDS 


а... 
о о о о «та ита 
Pisninde or CarW@n. .....<e.0e2s 
Согоо а 
Ethyl alconol 6... 
GN ОШ... М ....... 3. 
ПТ иапреп{їпе ................ 
Eetroleum у................. 
ЕР сос аса ............ 
Hyposulfite of soda solution... 


e 9 э * э э * э» 


e? 9052099559» a‘ 


оа оо оо ое 


Specific 
gravity 


Surface tension in dynes per cm 
of liquid in contact with— 


Air 
75.0 
513.0 
30.5 
(31.8) 
(24.1) 
34.6 
28.8 


Water 
0 
392.0 
41.7 
26.8 
18.6 
11.5 

(28.9) 


Mercury 


(392) 
0 


(387) 
(415) 
364 
317 
241 
271 
(392) 
429 





TABLE 361.—SURFACE TENSION OF LIQUIDS AT SOLIDIFYING POINT 


Tempera- 
ture of 
solidifi- 
cation 

Substance z 
Ба. 2000 
(ОК =. LS. 1200 
/^ |o MO ME M 360 
Hn m. M. 230 
Mercury А A.. —40 
Ге... 230 
Silver SE oo N.: 1000 
Bismuth €. .. m... 265 
Potassium... . 58 
эл... 90 


Surface 
tension in 
dynes per 

cm 
1691 
1003 

877 


Suhstance 


Antimony 
Borax 
Carbonate of soda .. 
Chloride of sodium . 
Water 
Selenium 
Sulfur 
Phosphorus 


Wax 


* 9 a ө 9 s? еа е 


oe ee ew @ 


Tempera- 
ture of 
solidifi- 
cation 


22-49 
КА 1000 


1000 


Surface 
tension in 
dynes per 

cm 


249 
216 
210 
116 
87.9 
71.8 
42.1 
42.0 
34.1 


TABLE 362.—VAPOR PRESSURE AND RATE OF EVAPORATION 


Mo W 
EI mmHg mmHg 
1800 „0,643 --- 
2000 0,789 0,1645 
2200 .0,396 .0,849 
2400 0,1027 „04492 
2600 0160 05151 
2800 .1679 „0,266 
3000 --- .0:362 
3200 3890? 02333 
3500 760 тт) .0572 


Evaporation rate 
g cm-? sec-1 


Mo 
.0,.863 
.0:100 
06480 





W 


0,2114 


— K.T-1e*** dypnes/cm? (Egerton). 
Zn, м= 2.28 Х 107: АИ 17 > 10; Са, м= 277 Х 10; К—= 527 x №". 


Hg, № = 1.60 X 10t; K = 3.72 X 10° (Knudsen). 
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1000 
1200 
1400 
1600 
1800 
2000 
4180 


Platinum 


mm 
.04324 
032111 
.0,188 
.0:484 
10:350 
‚05107 
760 тат 


Рр стп-2 бесті 
0,832 
„0,260 
.0.,401 
1.964 
„0:667 
05195 


TABLE 363.—EVAPORATION OF METALS * 363 


For the range of pressures for which the corresponding values of f°C are given in the 
table (Part 2), the pressure as a function of T'(—t -- 273) may be represented to a satis- 
factory degree of approximation by the relation 


log p= A — B/T. (1) 


Part 1 gives values of A and B used in calculating the values of t?C in Part 2, where 
p is expressed in microns of mercury. The symbols (s) and (/) refer to the solid and 
liquid states, respectively. 

The rate of evaporation is given by the relation 


log If’ = 5.7660 + 0.5 log M + log p — 0.5 log T (2) 
= ¢ + log p — 0.5 log T, (3) 


where W is expressed in g cm? sec^, and P in microns. 

Explanation of data in Part 2.—The first row for each metal, which is designated 7, 
gives the temperatures in °C corresponding to the pressures in microns at the head of 
each column. These were calculated by means of equation 1. The second row, designated 
li’, gives the rates of evaporation (in a good vacuum) in grams per square centimeter 
per second (g cm" sec), at the values of t immediately above in the same column. These 
were calculated by means of equation 3. 

In addition to the values of ¢ given in the first row, which are to be regarded as, in 
the writer’s opinion, the more reliable, there are also given, in the case of a number of 
the metals, a series of other values of ¢, which have been observed by some investigators ; 
The fact that for the same value of the vapor pressure in microns two or more values of 
t are quoted by different authorities indicates the degree of uncertainty that exists for 
some of the data given in the tables. For metals for which the data are very questionable, 
it has not been considered worth while even to calculate values of IF. 

The column headed êm gives the melting point in degrees C, and fm gives the vapor 
pressure in microns at the melting point. For values of ¢ below tm, the metal is obviously 
in the solid state, and for values of ¢ above tm, the metal is in the liquid state. 


* Prepared by Saul Dushman, General Electric Research Laboratory, Schenectady, N. Y. 
Part 1.—Constants in relations for evaporation of metals 


Metal A 10-3 х B с--4 Metal A 10-3 х В с+ 4 


Wig 10.50(1) 7480 11867 Su. A... 13205: 0712 4900 
Na Icone. 10.71(1) 5.480 4468 12.55(0 1855 4900 
се. 10.36 (1) 4.503 .5621 m ee. 11.25(s) 18.64 6061 
о. 10.42(1) 122 70 11.98(1) 2011 E 
[10.53(1) 4.201] m ZI, EE. 1238(s) 25.87 7460 
eo Ж. 9.86(1) 3774 8278 13.01) 2743 a 
[10.02(1) 3.883] - TONER CNN 12.52(1) 28.44 9488 
СЕ. P а о. 10.94(1) 15415 6965 
ІШ 72(17) 16.58 Ке ЖІ... 9.97 (1) 13.11 .8032 
P ІР29(55% 5 7825 Ро... 10.69 (1) 9.60 9242 
11.66(1) 14.09 " о и 13:22 26.62 6195 
re 11.65(1) 1852 9135 DES s 14.37(s) 4040 7500 
no ы) Ма 1822 2436 D e 4 13.00(s) — 4021 8047 
1.95(1) 16.59 4 
T" JM %> | Sp MEM 3 11.42 9913 9592 
P с =. К e 11140) 9824 9260 
в... 11.30(s) 9055 .5675 Gc. =... 12.88(s) 17.56 6240 
AE 11.13(s) 8.324 — 7373 Bfo ........ 11.80($) 30.31 7570 
Ва a M 8.908 8349 м ...... 12.24(s) 4026 8983 
E IR .94 (s 744 673 
(е. 11.78(s) 5.798 ‚7914 Шығ << 12.88 (1) 25.80 9544 
Мп........ 1225(5 1410 6359 
DNA 14.13(5 21.37 2831 yp A 12.63(s) 20.00 6395 
Ae. 11.99(1) 15.63 4814 13414) 2140 
НИ 11.94 18.57 5931 Com Тр 12.43 21.96 6512 
V WOMENS 12:48 2197 7405 Nu ee 13.28(s) 21.84 6503 
Мы г 11.88(1) 1800 RYE 1255() 20.60 
Ж аз. 13.74(1) 2010 8392 Еп 13.50 33.80 7696 
БІЛ. 10.79(1) 13.6 6877 Rh ........ 13.55 30.40 7722 
NM 22221 1093() 1215 7959 РАК ІС 19.23 7801 
b c m 11.15(1) 8.92 9212 oe 13.59 37.00 9056 
GEN. ow 1406(s) 3857 .3056 ID c 13.06 34.11 9089 
Eee 12.633 27.50 9112 
(continucd) 
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TABLE 364.—VAPOR PRESSURE OF ORGANIC LIQUIDS 


The vapor pressures on this page are in mmHg over a liquid phase unless distinguished by the 
subscript з. They are generally means from various determinations. 


Carbon 
bisul- 
Acetone Benzine Camphor fide 
°С C3H4,0 СзН, 10H16 CS2 
--90 Ш21 2/2 AE РЕ 
--57 1.26 mend 53 — 80“ 
— 40 s 2 Бет 6 
--30 E 5427; — 25" 
--20 "m ШЕ 3 
—10 14 mate 80 
0 26.5 .06 127 
+ 5 20. 34 e 160 
10 116 45 .10 198 
15 a 59 а. 244 
20 185 75 15 298 
30 283 119 .26 433 
40 422 182 .60 617 
50 612 269 1.30 855 
60 860 390 2.6 1170 
70 1190 548 4.6 1570 
80 1860 750 9.2 2040 
90 2140 1010 Ж. 2620 
100 2800 1340 26 3000 
110 3590 1740 М 4160 
E 4550 2200 5150 
130 5670 2800 E 
140 6970 3500 or aaa 
150 4300 170 9100 
200 625 
Ethylene Glycerine Methane 
oH, На Н, 
°С °С °C 
—150 149 118 24 --180 119 
--190 456 161 6.5 --175 212 
--145 267 175 13 --170 353 
—135 744 190 32 --165 559 
—130 117.2 220 100 —160 848 
—120 260 260 385 —155 1229 
—110 519 —150 1720 
--103 792 
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Turpen- 


tine 


СНв 


. SUC dI... uiuere. rr 


. 0 N ә 


Ethvl chloride 
СНС 


2115 


Сагһоп 
tetra- Chloro- Ethy! Ethyl! 
chloride form Ethane ether bromide 
СЕТ; СНС С.Н, CH0 CHBr 
—70° —60° а —101.3° n 
j .14 8) 390 058]... 
—50° 48 — a — d E 
] .92 10 700 4 Sn 
ку 19 — 50 | - 80”) 59 
A ht 1180 19 102 
33 61.0 — 75? 186.1 166 
43 2 1500 r 207 
56 100 es 291.8 257 
71 m Se. 317 
90 160 442.4 386 
141 247 648 564 
215 370 92] 802 
315 540 1276 1113 
448 750 1728 1510 
620 1025 2294 2015 
843 1400 2991 2640 
1120 2130 3840 3400 
1460 2420 4860 4310 
1880 Ж, e 5390 
2390 3900 7500 6660 
3000 4000 — 8120 
3700 6000 11080 9780 
160° 
4500 7300 158004 
1 о 
10900 21800 / 
Methyl ether Naphthalene 
(СНз)2 10H & 
RC EE С 
— 67 78 О ОЕ 
— 60 120 20 06. —20 
— 414 326 50 28. “|, 
— 309 524 70 40, 0 
5241 782 80 10 10 
0 2.52 atm 90 13 20 
25.4 2:05" “ 100 20 30 
4975 qus КЁ 110 29 50 
ООЛ ЕИ 120 43 75 
999 321 “ 150 119 100 
12598 5] p 200 490 


(continued) 


110 
188 
302 
465 
691 
1000 
1400 
2850 
4980 
8720 


TABLE 364.—VAPOR PRESSURE OF ORGANIC LIQUIDS (concluded) 369 
Carbon Ethyl Hydrogen Methyl Nap- Sulfur Toluol 
Ammonia dioxide iodide Ethyl sulfide chloride — thalin dioxide Сл На 
"С МН; СО С.Н acetate 2 СНС! СН» 2 
айт atm mm mm mm mm mm mm °С mm 
--50 .403 6.74 1216 “е 86 --91.9 .002 
--30 1.180 14.10 2840 579 286 —81.7 005 
—25 1.496 16.61 ES Ж 718 379 —774 007 
--20 1.877 19.44 б.5 4100 883 474 --67.5 020 
--15 2 322 22.60 В, 2% 1079 ... --57.7 060 
--10 2.870 26.13 12.9 5720 1310 760 — 38.0 39 
-- 5 3.502 30.05 be ЖҮ E 1579 ... —242 ].47 
0 4.238 34.38 41.5 24.3 7750 1891 1155 — 2.9 5.72 
+ 5 5.090 39.16 53.5 ES E. 2250 ae 0 6.86 
10 6.068 44.41 68.6 42.7 10300 2660 1714 +15.0 16.8 
15 7.188 50.17 Же La ae 3134 ... +25.8 28.7 
20 8.458 56.50 108.5 72.8 14000 3667 2460 wer e 
25 9.896 63.45 - E E 4267 ue я 
30 11.512 714 167.6 119 17500 4940 3420 
55 15:321 ku ian ec MN 5700 BS 
40 15.339 (C.T. 250 186 22000 6650 4650 
45 17.580 1928) E. Bs 1 Y Me 
50 20.060 T 362 282 27500 8510 6210 
60 25.80 510 415 du 10900 8150 
70 32.69 Е. 596 40400 14300 10540 
80 40.90 833 A 16800 ; oe 
90 50.56 1130 21000 13.0 ТР 
100 61.82 1515 25800 19.7 27.8 atm 
Cragoe 200? 141° 200° 150° 
1920 15600 53600 490 714 “ 


TABLE 365.—VAPOR PRESSURE AT LOW TEMPERATURES 


Many of the following values are extrapolations made by Langmuir by means of plots 
of log P against 1/7. 1 barye — 0.000000987 ант = 0.000750 mmHg. 


• • • < • ө ө е е ® ө о 


оо о о 


Фоо ооо о ө ө 


... 


RC 
—182.9 
—211.2 
--195,8 
--210.5 
--190 
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mmHg 


760 
7.75 
760 
86 
863 
249 
79.8 
50.2 
760 
300 
.76 
076 
0076 
‚00076 
7.6 
‚076 
0076 
‚00076 


Gas 


CO; 


* .• • • ө ө е ө е ә 6 


• е эе • ө е е е ө ө в о 


* Фо • • ө Ф ө е о о э ө 





370 TABLE 366.—VAPOR PRESSURE OF ETHYL ALCOHOL 

О 

E 0 1 2 3 4 5 6 7 8 9 

5 Vapor pressure in mmHg at 0°C 

0 12.24 13.18 14.15 15.16 16.21 17.31 18.46 1968 20.98 22.34 
10 23 7522501 27.94 2867 30.50 3244 3440 3667 3807 41.40 
20 44.00 46.66 49.47 52.44 59:38 58.86 62.33 65.97 69.80 73.33 
30 78.06 82.307 98717 92.07 97.21 102.60 108.24 114.15 120.35 126.86 
40 13370 140.75 148.10 155.80 163.80 17220 181.00 190.10 199.65 209.60 
50 220.00 230.80 242.50 253.80 265.90 278.60 291.85 305.65 319.95 334.85 
60 350.30 366.40 383.10 400.40 418.35 43700 456.45 476.45 497.25 518.85 
70 54120 564.55 588.35 613.20 638.95 665.55 693.10 721.55 751.00 781.45 


From the formula log p= a+ba'+cg* Ramsay and Young obtain the following numbers: 


с. 

5 

E 

0 12.24 
100 


10 


23.73 


26825. 


20 


43.97 
32196. 


30 


40 


50 


60 


Vapor pressure in mmHg at 0°C 


153.32 19.562 350.21 
1692.3 2359.8 3223.0 4318.7 5686.6 7368. 9409.9 


ГЕ 
38389. 


45519. 


70 


540.91 


11858. 


80 


90 


811.81 1186.5 


14764. 


TABLE 367.—VAPOR PRESSURE OF METHYL ALCOHOL 


200 22182. 
о 
i 0 

5 
- 

0 29.97 
10 53.8 
20 94.0 
30 158.9 
40 259.4 
50 409.4 
60 624.3 


31.6 
57.0 
99.2 


167.1 
271.9 
427.7 
650.0 


33.6 
60.3 
104.7 


175.7 
285.0 
446.6 
676.5 
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3 


4 


5 


6 


Vapor pressure in mmHg at 0°C 


35.6 
63.8 
110.4 


184.7 
298.5 
466.3 
703.8 


37.8 
67.5 
116.5 


194.1 
312.6 
486.6 
732.0 


40.2 
71.4 
1227 


203.9 
2272 
507.7 
761.1 


42.6 
uod 
1293 


214.1 
342.5 
9205 
І 


45.2 
79.8 
1302 


224.7 
358.3 
5520 
822.0 


47.9 
84.3 
143.4 


235.8 
374.7 
5/53 


18185. 


50.8 
151.0 
247.4 


3917 
599.4 


3/1 


TABLE 368.—VAPOR PRESSURE OF A NUMBER OF LIQUIDS (mmHg) 


80 


100 
110 
120 
130 
140 


150 
160 
170 
180 


Carbon disulfide, chlorobenzene, bromobenzene, and aniline 


0 


127.90 
198.45 
298.05 
434.60 
617.50 


8.65 
14.95 
25.10 


40.75 
64.20 
97.90 
144.80 
208.35 


292.75 
402.55 
542.80 
718.95 


16.00 
26.10 
41.40 
63.90 
96.00 


140.10 
198.70 
274.90 
9/205 
495.80 


649.05 


18.80 
30.10 


15.90 
68.50 
100.40 
144.70 
204.60 


283.70 
386.00 
515.60 
677.15 


1 


133:85 
207.00 
309.90 
450.65 
638.70 


9.14 
1577 
26.38 


42.69 
67.06 
101.95 
150.30 
215.80 


302.50 
415.10 
558.70 
738.65 


16.82 
27.36 
43.28 
66.64 
99.84 


145.26 
205.48 
283.65 
383.73 
509.70 


666.25 


1970 
31.44 


47.80 
71 2 
104.22 
149.94 
21156 


292.80 
397.65 
530.20 
695.30 


2 


140.05 
215.80 
322.10 
467.15 
660.50 


9.66 
16.63 
12 


44.72 
70.03 
106.10 
156.05 
223.45 


312.50 
427.95 
575.05 
758.80 


17.68 
28.68 
45.24 
69.48 
103.80 


150/37 
212.44 
292.60 
395.10 
523.90 


683.80 


20.79 
32.83 


49.78 
74.04 
108.17 
155.34 
218.76 


30215 
409.60 
545.20 
71575 
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3 


4 5 


Carbon disulfide 


146.45 
224.95 
334.70 
484.15 
682.90 


153.10 160.00 
234.40 24415 
347.70 36110 
501.65 519.65 
705.07 72255) 


Chlorobenzene 


10:21 
17:53 
2018 


46.84 
73-1! 
110.41 
161.95 
231.30 


322.80 
441.15 
591.70 


10.79 11.40 
1847 19.45 
30.58 532.10 


49054 51.35 
765208 79/0 
114.85 119.45 
168.00 174.25 
20995221700) 


333.35 344.15 
454.65 468.50 
608.75 626.15 


Bromobenzene 


18.58 
30.06 
47.28 
72.42 
107.88 


156.03 
219.58 
301.75 
406.70 
538.40 


701.65 


21.83 
34.27 


51.84 
76.96 
11225 
160.90 
226.14 


3L 
421.80 
560.45 
732.65 


--- 1240 


1952. ЕП 
31.50 33:00 
4940 51.60 
75.46 78.60 
112.08 116.40 


161.64 1067.40 
226.00 234.40 
31115 320.80 
418.60 430.75 
553.20 568.35 


719.95 738.55 


Aniline 
22.90 24.00 
35/00 3720 


53.98 56.20 
79,8 83.10 
116.46 120.80 
166.62 172.50 
23578 8241 50 


221092170 
434.50 44710 
576.10 592.05 
751908877 ].50 


(continued) 


6 


167.15 
254.25 
374.95 
538.15 
753.75 


12.04 
20.48 
33.69 


53.74 
83.02 
124.20 
181.70 
256.20 


8958105 
482.65 
643.95 


13.06 


21252 
34.56 
53.88 
81.84 
120.86 


17322 
242.10 
330.70 
443.20 
583.85 


25/59 


25.14 
38.90 


58.50 
86.32 
125.28 
178.56 
249.50 


342.05 
460.20 
608.35 


7 


174.60 
264.65 
389.20 
59/15 
778.60 


1221 
21.56 
2555 


50:22 
86.56 
129710 
187.30 
265.00 


366.65 
497.20 
662.15 


1395 


2259 
36.18 
56.25 
85.20 
125.46 


179.41 
250.00 
340.80 
455.90 
599.65 


776.95 


26.32 
40.56 


60.88 
89.66 
129.91 
184.80 
25/2 


352.65 
473.60 
625.05 


182 28 
275.40 
403.90 
576.75 
804.10 


13.42 
22.69 
37.08 


58.79 
90.22 
13415 
194.10 
274.00 


378.30 
512.05 
680.75 


14.47 


235] 
37.86 
58.71 
88.68 
130.20 


185.67 
258.10 
351.15 
468.90 
61842 


796.70 


27.54 
42.28 


63.34 
03:12 
134.69 
191.22 
266.16 


363.50 
487.25 
642.05 


190.20 
286.55 
419.00 
596.85 
830.25 


14.17 
23.87 
38.88 


61.45 
94.00 
139.40 
201.15 
283.25 


390.25 
92105 
699.65 


1522 


24.88 
39.60 
61.26 
92.28 
135.08 


192.10 
266.40 
361.80 
482.20 
632.25 


816.90 


28.80 
44.06 


65.88 
96.70 
139.62 
197.82 
274.82 


374.60 
501.25 
659.45 


3/2 


TABLE 368.—VAPOR PRESSURE OF A NUMBER OF LIQUIDS (mmHg) 


190 


200 
210 
220 


110 
120 
130 
140 


150 
160 
170 
180 
190 


200 
210 
220 
230 
240 


250 
260 
270 


270 
280 
290 


300 
310 
320 
330 
340 


350 
360 


2.40 
4.60 
7.80 


12.60 
19.80 
30.25 
45.30 
66.55 


95.60 
134.25 
184.70 
249.35 
330.85 


432.35 
537.50 
710.10 


3.60 
5.45 


13.15 


19.80 
28.85 
40.75 
56.45 
77.15 


104.05 
138.40 
ЇЗ 75 
235.95 
303.35 


386.35 
487.35 
608.75 


125:92 
15/02 
198.04 


246.8] 
304.93 
373.67 
45441 
548.64 


658.03 
784.31 


(concluded) 


Methyl salicylate, bromonaphthalene, and mercury 


2.58 
4.87 
8.20 


19:20 
20.68 
3152 
47.12 
69.08 


99.00 
138.72 
190.48 
256.70 
340.05 


443.75 
571.45 
72705 


3.74 
5.70 


13.72 


20.59 
29.90 
42.12 
58.27 
79.54 


107.12 
142.30 
186.65 
242.05 
310.90 


395.60 
498.55 
622.10 


126.97 
161.07 
20253 


25218 
311.30 
381.18 
463.20 
558.87 


669.86 


D 
215 
8.62 


13.82 
21.60 
32.84 
49.01 
71.69 


102.50 
143.31 
196.41 
264.20 
349.45 


455.35 
585.70 
744.35 


3.89 
5.96 
920 
14.31 


21.41 
30.98 
43.53 
60.14 
81.99 


ІШУ 
146.29 
191.65 
248.30 
318.65 


405.05 
509.90 
635.70 


130.08 
164.86 
207.10 


257.65 
317.78 
388.81 
472.12 
569.25 


681.86 
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Methyl salicylate 


3 
2507 
5.44 
9.06 


14.47 
22259 
34.21 
50.96 
74.38 


106.10 
148.03 
202.49 
271.90 
359.05 


467.25 
600.25 
761.90 


4 5 
215 3.40 
5.74 6.05 
9.52 9,95 


JS 35 
29535985 24.85 
ЗӘР S7. 10 
9247177 5505 
77.15 80.00 


109.80 113.60 
152.88 157.85 
208.722 215-10 
279.75 287.80 
368.85 378.90 


479.35 491.70 
61505 630.15 
779,85 79810 


Bromonaphthalene 


4.05 
6.23 
ӨСІП 
14.92 


22:28 
32.09 
44.99 
62.04 
84.5] 


113.50 
150.38 
196.75 
254.65 
326.50 


414.65 
521.50 
649.50 


133.26 
168.73 
211.76 


263.21 
324.37 
396.56 
481.19 
579.78 


694.04 


4.22 440 
6.51 6.80 
1015 10.60 
15.55 16.20 


2311 24.00 
33.23 34.40 
46.50 48.05 
64.06 66.10 
87.10 89.75 


116.81 120.20 
154.57 158.85 
202.00 207.35 
261.20 267.85 
334.55 342.75 


424,45 434.45 
59933 545.35 
663.55 677.85 


Мегсигу 


136.50 159.81 
172.67 176.79 
21620 22128 


268.87 274.63 
331.08 337.89 
404.43 412.44 
490.40 499.74 
590.48 601.33 


706.40 718.94 


3.62 
6.37 
10.44 


16.58 
25.61 
38.67 
57.20 
82.94 


117.51 
162.95 
221.65 
296.00 
389.15 


504.35 
645.55 


4.59 
7.10 
11.07 
16.87 


24,92 
35.60 
49.64 
68.19 
92.47 


123.67 
163.25 
212.80 
274.65 
351.10 


444.65 
557.60 
692.40 


143.18 
180.88 
226.25 


280.48 
344.81 
420.58 
509.22 
612.34 


731.65 


3.85 
6.70 
10.95 


17.34 
26.71 
40.24 
59.43 
85.97 


12153 
168.19 
228.30 
304.48 
399.60 


517 25 
661.25 


4.79 
7.42 
11.56 
17.56 


25.86 
36.83 
51.28 
70.34 
95.26 


127.22 
167.70 
218.40 
281.60 
359.65 


455.00 
570.05 
707.15 


146.61 
185.05 
23 (825 


286.43 
351.85 
428.83 
518.85 
622551 


744.54 


4.09 
7.05 
11.48 


18.13 
27.85 
41.84 
61.73 
89.09 


125.66 
173.56 
235.15 
313.05 
410.30 


530.40 
677.25 


150.12 
189.30 
236.34 


292.49 
359.00 
437.22 
528 63 
634.85 


757.61 


4.34 
7.42 
12.03 


18.95 
29.03 
43.54 
64.10 
92.30 


129.90 
179.06 
242.15 
321.85 
421.20 


543.80 
693.60 


9.22 
8.12 
12.60 
19.03 


27.83 
39.41 
54.68 
74.82 
101.05 


134.59 
176.95 
230.00 
295,95 
377.30 


476.35 
595.60 
737.45 


153.70 
193.63 
241.53 


298.66 
366.28 
445.75 
538.56 
646.36 


770.87 


973 

TABLE 369.—VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER 
The first column gives the chemical formula of the salt. The headings of the other 
columns give the number of gram-molecules of the salt in a liter of water. The numbers 


in these columns give the lowering of the vapor pressure produced by the salt at the tem- 
perature of boiling water under 76 cmHg. 


Substance 0.5 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0 


РО з... 7 12.8 36.5 
(СОИ ШШЕ озуу ee 225 61.0 1790 318.0 
Баз Об аса а сте 6.6 15.4 34.4 
ЕКО ни с vane 12:3 225 39.0 
Ba NODT ean 155 27.0 
В 15.8 33.3 70.5 108.2 
ВАЕ... 16.4 36.7 77.6 
ШАБ еол 16.8 38.8 914 1500 2047 
ОСО. с 9,9 23.0 56.0 106.0 
О... 16.4 34.8 746 1393 1617 205.4 
Ка а E 17.0 39.8 95.3 15000 241.5 3105 
GIB E eios 17.7 44.2 1058 1910 283.3 368.5 
о. 41 8.9 18.1 
dis эуе КО 7.6 14.8 3375 52 
CIB а 8.6 17.8 36.7 Л 80.0 
(ORI ME Om oer c 9.6 18.8 36.7 570 77.3 99.0 
О зе. 15.9 36.1 75021227 
асс Юз). а... 17.5 
о a 5:9 10.7 22,9 45.5 
ВЕ T 15.0 34.8 83.0 136.0 186.4 
CO NOS oaeen 17.3 3972 590015200 72187 2520 3320 
PEO 5.8 10.7 24.0 42.4 
Eo e s. 6.0 12.5 25.1 38.) SEU 
и e enh 6.6 14.0 28.6 45.2 62.0 81.5 103.0 146.9 189.5 
ВО... 7.3 15.0 30.2 46.4 64.9 
bI OL ан 12.9 26.5 62.8 1040 1480 1984 2470 3432 
ESEI; POI оса 10.2 19.5 30:9 47.8 60.5 2221 85.2 
КО. ........... 10.3 21.1 40.1 57.6 74.5 88.2 1027 850 
О. 10.6 21.6 42.8 62.1 80.0 
В.О... 10.9 22.4 45.0 
КӘРІ 2222222... 10.9 21.9 43.3 65.3 55.5. 1075981292 E7010 
Е. ДИМ 2215 44.8 67.0 90.0 110.5 130.7 167.0 198.8 
BS NOY о JD sS 22 
IE ace wk aes 12:2 24.4 48.8 741 1009 1285 1522 
Каго... [10 22.6 59.0 776 1042 1320 1600 2100 2550 
FS. con avs 12:5 253 922 826 22 141501718 e: 
КОО уллы... 13.9 28.3 59.8 94.2 131.0 
БЕН т... 13,9 33:0 75 125801754 2264 
Deme oo dia 14.4 31.0 ПӘ СР ІП5 5 Ж 52005 2090 2558 35010) 
ЕО Б 15.0 29.5 64.0 992 1400 1818 2230 3095 3878 
КОБО, 10.2 29.5 60.0 
EINO: Lo 8 1272 25.9 Бо 59.9 1222 1551 1880 25.91 3092 
а T 12.1 29.9 571 ОЗО 1925 1755 “205 TIRE 595315 
АСГ: 120 202 60.0 970 1400 1863 241.5 3415 4380 
О 15:5 28.1 56.8 89.0 
IE SOME 7 12.8 27.0 57.0 930 130.0 1680 
IE ТТТ 13.6 28.6 647 1052 1545 2060 2640 3570 445.0 
ТЕЗІ ка 15.4 34.0 70.0 106.0 
ШӨН: 15.9 37.4 78.1 
ОРО И а аи 16.4 9410 74.0 1200 1710 
(continued) 
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TABLE 369.—VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER 


Substance 0.5 
MgSO, Кыен е» 6.5 
MOOD з. мз... 16.8 
Ме( МО. ...... 17.6 
Mg Вт: 4.... ...... 17.9 
Мын. со. ..... 18.3 
MnSO, заооооооос 6.0 
MnCl. ЕЕ 15.0 
NaH;PO, DTP 10.5 
Ka ON, ere 10.9 
NaNO; Ке клы аы» 10.6 
а ул: 10.5 
(МаРОз) Оооооос 11.6 
БАО... 11.8 
NaNO, 5000020020040 11.6 
Mast 10 1271 
Ман СОЭ» ........ 12.9 
Ма.50. 660060006 12.6 
МЕШЕЛ 22222222 1255 
WaBrOs а 12.1 
В и e s 12.6 
ар а 121 
Na EO еее 13:2 
ШАС ОЗИ... 14.3 
Ма.С.0. т 14.5 
Ма... те 14,8 
МазРО, ee o e 16.5 
(МаРО.): TERES 17.1 
НАМО. 12.8 
ON ASIF e 1125 
МЕНТОЛ. сы 120 
МЕ ОЛЕ 1125 
ENILUESON .. 11.0 
NH.Br еее 11.9 
к oa 12.9 
О... aa 5.0 
О ТИЕ 16.1 
INC)... ode 16.1 
ВО: ... 9 12:3 
Sr(SQOs)2 2222000 7.2 
Оо. 15.8 
tg га. e 16.8 
SrBrz Ке: 17.8 
2150, ОЕК 4,9 
ZnCl: Е 9.2 
Zn(NO34 000800000 16.6 
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1.0 
12.0 
39.0 
42.0 
44.0 
46.0 


10.5 
34.0 
20.0 
Zl 
225 


23.0 


22.8 
24.4 
23.5 


24.1 
25.0 
os 


25.9 


25.6 
22.0 
27.3 
30.0 
33.6 


30.0 


10.2 


37.0 
373 
29:5 
20.3 
31.0 


38.8 
42.0 
10.4 
18.7 
39.0 


(concluded) 


2.0 


24.5 
100.5 
101.0 
115.8 
116.0 


21.0 
76.0 
30.5 
47.3 
46.2 


48.4 


48.2 
50.0 
43.0 


48.2 
48.9 
523 
54.1 
57.0 


60.2 


S59 
65.8 
71.6 


52.5 


42.1 
44.5 
45.1 


46.8 
46.5 
48.8 
49.8 
212 


86.7 
Оз 
45.0 
47.0 
64.0 


91.4 
101.1 
21.5 
46.2 
93.5 


3.0 
47.5 
183.3 
174.8 
205.3 


1225 
51.7 
75.0 
68.1 


73.5 


2/3 
75.0 
60.0 


77.6 
74.2 
80.0 
81.3 
89.2 


99.5 
80.2 


105.8 
115.7 


02.7 
60.3 


71.0 
69,5 
74.1 
78.5 


147.0 
156.2 
63.0 


97.4 


156.8 
179.0 


75.0 
1575 


4.0 


277.0 
298.5 


167.0 
66.8 
100.2 
90.3 


98.5 
107.5 

78.7 
102.2 
111.0 
108.8 
124.2 
136.7 
111.0 


146.0 
162.6 


82.9 
94.2 


94,5 
93.0 
90.4 
104.5 


2128 
235.0 


131.4 


223 
267.0 

66.2 
107.0 
223.8 


5.0 


377.0 


209.0 

82.0 
126.1 
iis 
123.3 
139.1 
122:5 

09.8 
127.8 
143.0 
136.0 
159.5 


177.5 


103.8 
118.5 
118. 

117.0 


121.5 
132.3 


281.5 


153.0 


6.0 


96.5 
148,5 
Юр 
147.5 
1725 
146.5 
122.1 
152.0 
176.5 
197.5 


2210 


121.0 
138.2 
139.0 
141.8 


145.5 
156.0 


195.0 


8.0 


126.7 
189.7 
167.8 
196.5 
243.3 
189.0 


198.0 


268.0 
301.5 


1222 
179.0 
181.2 


190.2 
200.0 


10.0 


1571 
231.4 
198.8 
223.5 
314.0 
226.2 


239.4 


370.0 


180.0 
213.8 
218.0 


228.5 
243.5 
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TABLES 370-406.—V ARIOUS ELECTRICAL CHARACTERISTICS 
OF MATERIALS 


The fundamental electrical and magnetic definitions and the values of the 
practical units of current, voltage, and other electrical quantities, have been 
given (Tables 2-5). Some data will now be presented on electrical characteris- 
tics of various materials. 


TABLE 370.—THE EFFECT OF ELECTRIC CURRENT ON THE 
HUMAN BODY !*« 


Some thought must be given to the clectrical characteristics of the human body, since 
careless handling of electric circuits is very dangerous. The regular 120-volt circuit is dan- 
gerous, and any voltage above this increases the hazard. No bare contacts should be per- 
mitted where anyone might come in contact with them. 


AC (60cycles) DC 


Threshold Оо регсероп а ое x UNTER l qma e 5 ma 
muscular decontro ll PEL eir eT 15 ER <70 
danse Nc NE EM ueri tre etr ла Ж EE 80 
рта пол (а пиове certam «са)................. 100 eye a 


Since the resistance of the human body for direct current (hand to foot or hand to hand), 
neglecting the contact resistance, is 5,000-10,000 ohins, good contact with electric circuits 
must be avoided. For alternating current the resistance is much lower. 


1384 Cromwell, J. C., Origins and prevention of laboratory accidents, 1950; Bell Laboratories Rec., 
p. 318, June 1936; Johns Hopkins University, Report of Electrician, November 1934; Journ. 
Franklin Inst., vol. 215, p. 1, 1933. 


TABLE 371.—TRIBOELECTRICITY 
Part 1—The tribo-electric series 


The following table is so arranged that any material in the list becomes positively elec- 
trified when rubbed by one lower in the list. The phenomenom depends upon surface condi- 
tions and circumstances may alter the relative positions in the list. 


1 Asbestos (sheet). 13 Silk. 24 Amber. 
2 Rabbit's fur, hair (Hg). 14 Aly Mn, Zn, Cd, Cr. felt, 25 Slate, chrome-alum. 
2 Glass (combn. tubing). hand, wash-leather. 26 Shellac, resin, sealing-wax. 
4 Vitreous silica, oppossum’s 15 Filter paper. 27 Ebonite. 
ur. 16 Vulcanized fiber. 28 Со, Мі, ӛп Си, о Ба 
5 Glass (fusn.). 17 Cotton. Sb; Ар Puce 
6 Mica. 18 Magnalium Eureka, straw, copper 
7 Wool. 19 К-ашт,  rock-salt, satin sulfatc, brass. 
8 Glass (pol.), quartz (pol.), spar. 29 Para rubber, iron alum. 
glazed porcelain. 20 Woods, Fe. 30 Guttapercha. 
9 Glass (broken edge), ivory. 21 Unglazed porcelain, sal- 31 Sulfur. 
10 Calcite. ammoniac. 32 Pt. Ag, Au. 
1] Cat's fur. 22 K-bichromate, paraffin, 33 Celluloid. 
12 Ca, Mg, Pb, Нџиогзраг, tinned-Fe. 34 Indiarubber. 
borax. 23 Cork, ebony. 


Part 2.—Triboelectric series in voltage of a number of metals as compared with 
silica (as О) :• 


NH o E R, +17 о. 4 7.8 Sae E ecu re DOS 0. 
РЕ ЦКБ +15 lx ais a st eee ae + 7 ЖТ” — .1 
D OMM rM etu d +14 Кеш о Бе E + 4.8 П а E -- .6 
(CEN Sr Le ded sa +10 o C c нит + 3.3 ЛІ c un cip OE — 2 

О т лы + 9.3 сз: ОИН + 1,4 Т ме -- 7.3 
БЕ ОУ УУ А cn teet + 8.5 B^ zem + .6 БЕТТ Ла IE EE — 7.7 


1% Shaw, P. E., and Leavey, E. W. L., Proc. Roy. Soc., vol. 138, p. 506, 1932. 
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Solids with liquids and liquids with liquids in air 


TABLE 372.—CONTACT DIFFERENCE OF POTENTIAL IN VOLTS* 


Temperature of substances during experiment about 16°C 


Alum. sat.sol. 
CuSO, sol. 
sear 1.087 ;..: 
Спор sat.sol. . 
Sea salt sol. 
Psat 20°C... 
ХН.СІ, sat.sol. . 
ZnSO, sol. 1. 125 
EC aa 
ZnSO, sat.sol. .... 
One part H.O + 


° ө ө ә 


3, sat. 2150, 56 
Strong H.SO, in 
water : 
Ту wt. ..... Mu 
1 010 ы у 
Тоо БУ МЇ. се ко 
01 
SOUS WE v to 
2030 
195 
Соз ИН:50, 2... E to 
v. .85 
Con. HN Os Жет 8 


Си Ге Pb 
.269 
to .148 171 
‚100 

--.127 --.653 --.139 
.103 
070 

--.475 --.605 


—.396 —.652 — 189 


—.120 


272 
ІЛІЗ . to 
1.252 


БЕ 5п Zn 
.285 —.105 
to 177 {о 
.345 +.156 


246 —.225 —.536 


—.856 —.334 —.565 
059 —364 — 637 


—.238 
—.430 


— 444 


— 344 


—.25 
1.3 


.Amalg. Distilled 
n Brass water 
.100 ‚231 
014 
— 435 n 
--.348 - 
— 284 — 200 
--.358 
‚429 
—.016 
‚848 1.298 


to 
1.6 
672 


Mercurous sulfate paste, Еген 4 475. ЕН CuSO,sol., H;O, — .043; sat.ZnSO,sol., 4- .095; 1 pt. 


H.O, 3 pt. ZnSO, + .102 


Concentrated H.SO,, Er О, + 1.298; 


+ 1.699. 





* Everett, Units and physical constants: 


sat.alum.sol., + 1.456: CnSOs,sat. 


+ 1.269: 2150,5а1.501., 


Table of Ayrton and Perry's results, prepared by Ayrton. 


TABLE 373.—THERMAL ELECTROMOTIVE FORCE OF ALUMINUM 
VERSUS PLATINUM 549 


ЕС mv 
0 .000 
20 +.062 
40 135 
60 .218 
80 .312 
100 .416 
120 .529 
140 .65] 
160 ‚781 
180 ‚919 
200 1.064 
220 1.216 


Temperature versus emf 


“С 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 


149 Nat. Bur. Standards Circ. 346, 1927. 
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mv °С 
1.374 480 
1.538 500 
1.708 520 
1.684 540 
2.065 560 
2.222 580 
2.444 600 
2.641 620 
2.843 640 
3.050 660 
3.262 
3.480 


my 


3.703 
3.931 
4.164 
4.403 
4.647 
4.896 
5.150 
5.409 
5.673 
5.942 


377 
TABLE 374.—COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS 


The electromotive forces given in this table approximately represent what may be expected 
{гот a cell in good working order, but, with the exception of the standard cells, all of them are 
subject to considerable variation. 


Part 1.—Double fluid cells 


Name Negative Positive emf 

of cell pole Solution pole Solution in volts 
Dunsen Amalg. 2n ІН 5ОСІЗН;О С Fuming HNO4 1.94 
Е | д s Ы HNO:; dens, 1.38 1.86 
Chromate А it 12, K;Cr;O:s ; Zoe sO; ; E LASO: 12 Н.О 2.00 

100,Н:О 

ч i 8.50: 12Н.О j 12,КСізО:; 100,Н:О 2.03 
Daniell (а н 18,50, ; 4,H: О Си Sat.sol.CuSO, -5,H:0 1.06 
P “ ^ dE UuZHO 2 е 1.09 
2 A К 5% sol.ZnSO, ;6H20 B F 1.08 
i is "  1NaCl; 4 parts HO b à 1.05 
Grove и КИН БО ТІЗЕ О Р{ Fuming НХОз 1.93 
К 5 "  Sol.ZnSO, 5 Немој dens. 1:33 1.66 
К T * A HsSOA, sol. ; dens. 1.136 д Concent. HNO: 1.93 
P n 5c SH2SQ. dens. 1.136 ^ HNO: dens. 1.33 1.79 
y d “  H:SO. sol. ; dens. 1.14 " НХО:; dens. 1.19 1.66 
ih г 6 Н,50, 501. ; dens. 1.06 | ч 1.61 
p i “ A NaCl sol. E у 135 1.88 


Partz " * A Sol.MgSO, É Sol. K;Cr;O: 2.06 


Part 2.—Single fluid cells 


Leclanche Amalg. Zn ЗОСІ Carbon * 1.46 


Chaperon o Salk OH Copper 7 98 
Edison-Lelande e E B ч .70 
AgCl 2 23% sol. NH, CI Silver t 1:02 
Law 15% Carbon 127 
Dry cell Б Lote ZnO: ote NAC), E 1.3 


3 pts. plaster of paris, 
2 pts. ZnCl;, and water 
to make a paste 


Poggendor ff Amalg. Zn | Sol. K&Cr;O: n 1.08 
е Б 12K:Cr-0:; 2505507 a 2.01 
100,Н.О 
Regnault E ОЗО РОТЕ ТОЕТ .34 
Volta couple Zn H;O Си ‚98 
К ri eel Manganese peroxide with powdered carbon. 1 Depolarizer: CuO. t Depolarizer: Silver 
cnioride. 


Part 3.—Secondary cells 





Pb accumulator Pb Н:5О. 501. of density 1.1 PbO; 2.25 
Regnier (1) Cu Си$О,; НЕО E 1.68 
to .85 
i (2) Amalg. Zn ZnSO; sol. к 
іп H: SO; 2.36 
Main d “ HsSQ;: dens. about 1.] И 2.50 
Edison Fe KOH 20% sol. A nickel 1.1 
oxide mean 
§ F. Streintz gives the following value of the temperature variations 12 at different stages of charge: 
emf 120233 1.9828 2.0031 2.0084 2.0105 221779 2.2070 
dE/dt x 109 140 228 335 285 255 130 73 
Dolezalek gives the following relation between emí and acid concentration: 
Percent H.SO, 64.5 522 35.3 21.4 Sez 
ems О 2125 2210) 2.00 1.89 


(continued) 
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TABLE 374.—COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS 
(concluded) 


Part 4.—Standard cells 


Clark гп + Hg ZnSO, Paste 1.434 
H2SO;+Heg 
Weston ll Са + Не | CdSO, Paste 1.0185 


|| Very low temperature coefficient. 





TABLE 375.—DIFFERENCE OF POTENTIAL BETWEEN METALS IN 
SOLUTIONS OF SALTS 


The following numbers are given by G. Magnanini for the difference of potential in hun- 
dredths of a volt between zinc in a normal solution of sulfuric acid and the metals named 
at the head of the different columns when placed in the solution named in the first column. 
The solutions were contained in a U-tube, and the sign of the difference of potential is such 
that the current will flow from the more positive to the less positive through the external 
circuit. 


Strength of the solution in 
gram molecules per 


liter Zinc * Cadmium * Lead Tin Copper Silver 
No. of Difference of potential 1n centivolts 
molecules Salt 
25 Н,50, .0 36.6 з 51.3 100.7 1218 
1.0 NaOH —32.1 19.5 31.8 2 80.2 95.8 
1.0 КОН --42.5 15.5 220 --1.2 77.0 104.0 
5 Каљ50, 1.4 35.6 50.8 51.4 101.3 120.9 
1.0 Ха:5:Оз — 5.9 24.1 45.3 45.7 38.8 64.8 
1.0 КМО: 11.81 31.9 42.6 31.1 81.2 105.7 
1.0 NaNO: 115 82 512) 40.9 95.7 114.8 
9 К„СгО, 23,91 42.8 41.2 40.9 94.6 121.0 
ES Жәлел 72.8 61.1 78.4 68.1 123.6 132.4 
5 KSO, 1.8 34.7 51.0 40.9 95.7 114.8 
5 (ХН.):5О. -- 5 52] 53:2 57.61 101.5 125.7 
‚25 К.ЕеС• №, — 6.1 33:6 50.7 41.2 — 87.8 
.167 К.Ре.( СМ), 41.0: 80.8 81.2 130.9 110.7 124.9 
1.0 KCNS — 12 02.5 52.6 БАЙ 5239 725 
1.0 NaNO; 4.5 452 50.2 49.0 103.6 104.6 8 
5 Sr(NO) 14.8 38.3 50.6 48.7 103.0 119.3 
125 Ва(МОз): 21.9 39.3 SS 52.8 109.6 121.5 
1.0 KNO; —1 35.6 47.5 49,9 104.8 115.0 
2 КСО: 15-101 39.9 590 57.7 105.3 120.9 
‚167 KBrO; 13-201 40.7 51) 50.9 111.3 120.8 
1.0 МН,С1 2.9 32.4 2123 50.9 81.2 101.7 
1.0 КЕ 2.8 225 41.1 50.8 61.3 ОЛЕ 
1.0 NaCl — 31.9 312 503 80.9 101.3 
10 КВг 2 2127 47.2 52:5 73.6 82.4 
1.0 КСІ - 32 51.6 52.6 81.6 ШІ 0 
25 Ха:5Оз — 82 297 41.0 31.0 68.7 103.7 
— NaOBr 18.4 41.6 Zal 70.61 89.9 99.7 
1.0 C,HeOc 5.5 39.7 61.3 54.41 104.6 123.4 
S C, H4O. 4.] 41.3 61.6 972 110.9 125.7 
79 C,H,K NaO, — 79 31.5 8123 42-47 100.8 119.7 


* Amalgamated. 
corresponding to NaOH = 1. 
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t Not constant. 


i After some time. 


ФА quantity of bromine was used 


TABLE 376.—THERMOELECTRIC EFFECT OF ALLOYS 379 


The thermoelectric effect of a number of alloys is given in this table, the authority 
being Ed. Becquerel. They are relative to lead, and for a mean temperature of 50°C. In 
reducing the results from copper as a reference metal, the thermoelectric effect of lead to 
copper was taken аѕ — 1.9. 


‚я МЕ e. 
Substance Е = z БЕ Substance Е = Е SE Substance 2 = E: 2% 
Antimony 806 Antimony Z Bismuth = 
ӨШ 224 Zinc (а Antimony foe 
Antimony 4 ur 1) а J M" 
S SOMIT 2 [ 146 Antimony 12) Antimony To EA 
ANE m ae Cadmium Pj 35 Bh 107 _ 682 
ро Zinc Antimony j- | 
п 4 > Antimony гі. 10.2 Bismuth 12 
Antimony 8061 95 На | | Antimony 669 
Zi 406 ntimony } À 
У В Bismuth р виш 2% 60 
Zinc 406 8.1 Antimony 4 25 
Bismuth 121 Iron 1 Bismuth 10) 245 
Antimony 4 Antimony 8 Selenium 1 
14 
Cadmium 2 76 Magnesium 1 Р Bismuth = 
а | Апштопу = 4 Zinc 1 
Lead | Bismuth к 
С е Bismuth - —438 Arsenic Wu 
Cadmium 2 46 
Zinc || Bismuth 2 0-33 4 Bismuth d 68.1 
Tin 1 Antimony ] | Bismuth sulfide 1 | 


TABLE 377.—THERMOELECTRIC EFFECT 


A measure of the thermoelectric effect of a circuit of two metals is the electromotive 
force produced by 1°C difference of temperature between the junctions. The thermoelectric 
effect varies with the temperature, thus: thermoelectric effect = О =dE/dt=A + Bt, 
where 4 is the thermoelectric effect at 0*C, B is a constant, and ¢ is the mean temperature 
of the junctions. The neutral point is the temperature at which dE/dt — 0, and its value 
is — А/В. When a current is caused to flow in a circuit of two metals originally at a 
uniform temperature, heat is liberated at one of the junctions and absorbed at the other. 
The rate of production or liberation of heat at each junction, or Peltier effect. is given 
in calories per second, by multiplying the current by the coefficient of the Peltier effect. 
This coefficient in calories per coulomb = QT/F, in which Q is in volts per degree C, T is 
the absolute temperature of the junction, and 7 = 4.19. Heat is also liberated or absorbed 
in each of the metals as the current flows through portions of varying temperature. The 
rate of production or liberation of heat in each metal, or the Thomson effect, is given in 
calories per second by multiplying the current by the coefficient of the Thomson effect. 
This coefficient, in calories per coulomb = BT76/F, in which B is in volts per degree C, 
T is the mean absolute temperature of the junctions, and 6 15 the difference of temperature 
of the junctions. (BT) is Sir W. Thomson's “Specific Heat of Electricity,” The algebraic 
signs are so chosen in the following table that when А is positive, the current flows in the 
metal considered from the hot junction to the cold. When P is positive, Q increases 
(algebraically) with the temperature. The values of 4, B, and thermoelectric effect in the 
following table are «ith respect to lcad as the other metal of the thermoelectric circuit. 
The thermoelectric effect of a couple composed of two metals, 1 and 2, is given by sub- 
tracting the value for 2 from that for 1; when this difference is positive, the current flows 
from the hot junction to the cold in 1. In the following table, Æ is given in microvolts 
per degree, B in microvolts per degree per degree, and the neutral point in degrees. 

The table has been compiled from the results of Becquerel, Matthiessen and Tait; in 
reducing the results, the electromotive force of the Grove and Daniell cells has been taken 
as 1.95 and 1.07 volts. The value of constantan was reduced from results given in Landolt- 
Bornstein's tables. 

(continued) 
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Thermoelectric effect 
_ at mean temp. of 
junctions (microvolts) 


A у и 

Substance Microvolts — Microvolts 2056 SOS 
АИИ. оса -- .76 +.0039 — .68 — .56 
Antimony, comm' pressed wire.. — -- + 6.0 -- 
i аса, 2776225 2 — -- + 22.6 — 
5 equatorial о... 5 — — + 26.4 — 
РОЛАН с. с со аса о. се са он те — 11.94 --.0506 — 1295 ui 
LOSS ш Ио... — — — 13.56 -- 
Bismuth, comm’! pressed wire... -- -- -- 97.0 — 
X pure "ORN -- -- — 89.0 -- 
ч crystal Каха а. — — — 65.0 —- 
E equatorial ..... — — — 45.0 — 
А СИТНИ ес о с. со << + 2.63 —.0424 + 348 + 4.75 
5 bites Uncen a ei — — — + 2.45 
Gali. EE LL eet — — — + 8.9 
сова ЖО ОЕ... — — — 22 — 
(constant и от ас о оне -- — — --19.3 
(ВОРЕН Е ъан + 1.34 +.0094 + 1.52 + 1.81 
|. commercial на... се -- — + 410 — 
p palvanoplastic $e. . ves — — -- 38 — 
(ашо. eer — — — 2 — 
Go eos MES es nm + 2.80 +.0101 + 3.0 + 3.30 
Iron o ero +17.15 —.0482 + 16.2 +14.74 
“n pianolorte Wire ............ — — J- 17.5 — 
омега ............ - — — --12.10 
i “ .. ЧЕ _........ — — — + 9.10 

[е ай ИСЕ... 7 - 0000 + .00 { 
Мавлет ИЕ о... 222 —.0094 + 2.03 + 1.75 
Molybdenum ................... — — - 59 - 
Кесинг АСТ а -- -- -- 413 — 330 
Беке ЖЕ ыс с se ылы — — — —15.50 
Ка (= 167 (о Е T, —21.8 —.0506 — 22.8 — 24.33 
E250" «300*) c Co —83.57 +.2384 == = 
прав ађохе. 340 DE аи — 3.04 —.0506 - — 
а а а то зар. агнаб — 6.18 —.0355 -- 6.9 -- 7.96 
Рһоврһпогив (теа? ,,............ — — + 29.9 - 
BUNUN c ES Iu IE — — + 2 — 
S (hardened) 22.22.2222 << БЛ --.0074 + 2.42 +. 2.20 
B (malleable) ....... Фу — .60 --.0109 — 818 — 1.15 
6 ЛЕБІ пат -- — -- + .94 
ү another specimen ...... -- — — -- 2.14 
Platinum-iridium alloys: 

#5 TPt ІЗ ІН 222222222 7.90 +.0062 + 8.03 + 821 
90% Pt + 10% 1г ........... + 5.90 —.0133 + 5.63 + 5.23 
О пр РО S 52222222225 + 6.15 + .0055 + 6.26 + 6.42 
Сеет са ы. y — — +807. -- 
СИЕ И он + 2.12 +.0147 + 2.41 + 2.86 
етерге Пата) 727222 — — + 3.00 — 
ЛЕТ е — — — + 2.18 
ЭСЕ И сы... 2 +11.27 —.0325 + 10.62 + 9.65 
Ташаа 22 О: — — -- 2.6 — 
Шей 52022 е -- -- +500. — 
b wo A — — +160. — 
ПА esso ib EN Ter OU -- -- + 8 -- 
Tins commercial Ee. о и — - — + .33 
е н e — — + 4d -- 
ЕЕЕ тсе сы К -- .43 +.0055 — 33 — Jd 
пов о оса А -- -- -- 210 -- 
СР о СИ я + 2.32 +.0238 + 2.79 + 3.51 
“ pure pressed............... -- — + 3.7 == 


* Electrical conductivity of Те, = 0.04, Te, = 1.7 emu. 
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TABLE 378.—THERMAL ELECTROMOTIVE FORCE OF METALS AND ALLOYS 
VERSUS PLATINUM 


(millivolts) 


One junction is supposed to be at 0°C; + indicates that the current flows from the 0° 
junction into the platinum. The rhodium and iridium were rolled, the other metals drawn. 


Tempera- 


ture, °C 
— 165 
— 80 
4-100 
4-200 
4-300 
4-400 
4-500 
+600 
+700 
+800 
+900 
+1000 
+1100 


+ (1300) 
+ (1500) 


Au Ag 
— 15 — .16 
— 31 — .30 
+ 74 + 72 
+1.8 +17 
4-30 +3.0 
+45 +4.5 
4-61 +6.2 
+79 +82 
+99 +10.6 
+12.0 +13.2 
+143 +16.0 


+16.8 


90%Pt+ 10%Pt+ 


10% Pd 90% Pd 
— 11 + .24 
— 09 + 15 
+ 26 — 19 
+ 62 — .31 
+10 — 37 
+15 — 35 
+19 — .18 
+24 + 12 
+29 + 61 
+34 +1.2 

+3.8 +21 

+43 43.1 

+48 +4.2 


— 3.8 


N= ONIN 


| 
А А 
U1Un ON VO Co SO 


90%Pt+ 
10%Rh 





90% Pt+ 
10%Ru Ir 
Шо: 25 
же eae 
ВЕ С 
ШІ 415 
26 425 
436  -36 
446 4:48 
7 26] 
+69 +76 
#50 i 
492 +4108 
4104 +126 
4116 +145 
4142 +186 
416.9 423.1 


Rh 
= 
E 
+ .65 


+1.5 
+2.6 


+20.4 
425.6 


TABLE 379..—THERMOELECTRIC PROPERTIES AT LOW TEMPERATURES ™! 





Thermoelectric emf per °K against silver alloy 


Ag 


Au 


—1. 


20 


Ра 
+ .75 


141 Borelius, Keesom, Johansson, Linde, Com. Phys. Lab. Leiden, No. 206, 1930. 


TABLE 380.—PELTIER EFFECT, FE-CONSTANTAN, 


Temperature 


Fe-Constantan 


0? 
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130% 
4.5 


2.45 


240° 
6.2 


2.06 





Pt Fe Pb 
+1.54 +.05 —1.06 
3.60 1.40 —1.19 
5.24 4.80 —]1.25 
5.40 8.45 --1.29 
4.36 11.5 --1.33 
3.02 14.0 —1.42 
1.72 15.8 —].54 
.50 16.9 —]1.67 
-- .70 17.5 — 1.79 
— 1.76 175 —1.92 
—2.80 17.3 --2.05 
--3.80 16.9 --2.17 
--4.72 16.2 --2.29 
--5.62 15.8 —2.42 
—6.56 15.3 —2.54 
NI-CU, 0» .—560*C 
320? 560°C 
8.2 12.5 са! Ж 107 
1.91 2.38 | per coulomb 


TABLE 381.—THOMSON EFFECT IN MICROVOLTS PER DEGREE 


a а. —  — —À— 


382 
°K Cu Ag Au 
20 4- .59 +1.40 +2.83 
25 1.04 1:24 2.00 
30 127 .85 1.58 
40 1.03 .24 ‚88 
50 ‚67 -- .02 45 
60 18 -- .17 ‚19 
70 -- .29 -- .24 07 
80 — .46 -- .25 05 
90 — 48 — 17 17 
100 — .45 — 03 32 
110 -- .37 + 12 45 
120 — .26 25 .56 
130 -- .13 35 .66 
140 4- .02 .44 „75 
150 "n 52 ‚83 
160 SI .59 91 
170 46 ‚66 ‚99 
180 59 72 1.06 
200 ‚79 ‚84 1.19 
220 ‚96 ‚96 1.31 
240 1.10 1.08 1.43 
260 1.24 1.20 1.54 
280 1239 1:52 1.66 
300 +1.52 +1.44 4-1.77 





Ра Pt 
+1.9 +3.2 
2.0 3.6 

3.1 3.9 

3:2 3.8 
2.5 27 

1.0 1.0 
--1.5 —1.1 
--4.6 —3.3 
—6.6 — 5.1 
—7.8 —6.5 
—8.7 —7.5 
—9.3 —8.0 
—9.7 —8.2 
— 10.1 —8.2 
--10.3 --8.3 
--10.6 --8.4 
—109 —8.5 
--11.2 --8.7 
—12.1 —9.1 
—13.3 --9.8 
—146 —10.6 
--158  —114 
—17.0 --12.3 
—182  —132 


+ 


Rane EO NOC INN ODN ee {oa Ета 
О oO too tata toO © © Ку бо © © о буо бою ме о о 


ЕГЕТ ТТА! 


$600 O Ui i b de detta del | 
~ 2 6 ДА ДА О Сл СО СО Не Сл СО ДА Сл > 


Lee 
>> 
о о 


ESO 
--13.3 
—14.5 
—15.7 


E31 
—124 
—13.5 
—14.6 
—15.7 
—16.7 
217.6 
— 19.6 
—21.5 
EM 
—25.4 


.00 
--.06 
--.09 
--.12 
--.15 
--.18 
--.20 
—.23 
—.26 
—.29 
—.32 
--.34 
—.37 
—.40 
—.42 
—.46 
—.49 
—.52 
—.54 
—.55 
—.57 


TABLE 382.—THERMOELECTRIC EFFECTS; PRESSURE EFFECTS 


The following values of the thermoelectric effects under various pressures are taken from 
Bridgman. A positive emf means that the current at the hot junction flows from the uncom- 
The cold junction is always at 0*C. The last two columns give 


pressed to the compressed metal. 


the constants in the equation E — thermoelectric force against (сай (0% to 100°C) = 
X 10"* volts; at atmospheric pressure, a positive emf meaning that the current flows from lead to 
the metal under consideration at the hot Junction. 


Thermal emf, volts X 10° 
"Pressure, kg/cm? 


(At + Bt) 


2000 4000 8000 12,000 
Formula 
Temperature, °C coefficients 
Metal 50° 100° 50° 100° 50° 100° 20° 50° 100° A B 
Bi А 2... 53,000 85,000 110,000 185,000 255,000 425,000 185,000 452,000 710,000 —74.42 +.0160 
Zn ИЕ... 6,200 14,100 13,000 28,500 26,100 58,100 14,400 38,500 87,400 +3.047 —.00495 
Tl ВЕРНА... 4,930 10,870 9,380 20,290 17,170 37,630 8,780 23,750 52,460 +1.659 —.001348 
са... 2,040 7,120 4,620 14,380 10,960 28,740 6,680 19,180 45,560 +12.002 +.1619 
Constantan 2.850 5,950 5,800 11,810 11,530 23,790 6,750 17,200 35,470 --34.76  —.0397 
Ра. 2,190 ' 4,380 4,400 8,800 8,630 17,690 5,090 12,970 26,520 --5.496 --.01760 
Ре. 1,180 3,600 3,600 7,310 7,370 14,350 3,880 11,030 21,570 --3.092 --.01334 
М. 1,190 2,530 2,360 4,990 4,690 10,120 2,700 7,050 15,140 +1.594 +.01705 
ее 700 1,680 1,500 3,400 3,230 7,190 1,880 5,140 11,440 --17.61 —.0178 
и: 840 1,870 1,720 3,720 3,350 7,190 +1,900 4,950 10,560 +2.556 +.00432> 
Bé сый UE 390 1,670 590 3,250 5,300 5,820 --990 220 7,680 +16.18 —.00895 
PD: мам” 460 1,050 920 2,120 1,860 4,210 --880 281 6,330 — — 
Ad ТЫ 456 1,052 905 2,051 1,791 3,974 +990 2,627 5,760 +2.899 +.00467¢ 
Cu пи и о +292 584 +580 1,216 1,124 2,420 +596 1,616 3,546 +2.777 +.00483 
АГС Жее. —70 101 --91 294 32 929 --68 312 1,962 --.416 --.000084 
Mom... 493 140 +4187 278 375 555 +146 562 833 +5.892 +.02167¢ 
Sn oM +38 -+87 +58 +165 +70 +292 --182 +10 +390 +.230 —.00067 
Manganin --123 --232 --242 --452 --489 --894  —308  —719 —1,314 +1.366 +.000414* 
МЕ“ 2-2 —84 —167 —181 — 362 --395 — 791 — 259 --648 --1,296 —.095 +.00004 
Co Ио. —156 —348 --316 --692 --630 --1,360 --352 — 937 — 2,061 —17.32 —.0390 
a, —.0556¢8; b, —.0486¢3, annealed ingot iron; c, —.05166¢3; d, —-.041t8; e, —.0,25¢3; f, —.0,112¢8. 
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TABLE 383.—PELTIER AND THOMSON HEATS; PRESSURE EFFECTS 383 


The following data indicate the magnitude of the effect of pressure on the Peltier and Thomson 
heats. They refer to the same samples as for the last table. The Peltier heat 1s considered positive 
if heat is absorbed by the positive current from the surroundings on flowing from uncompressed 
to compressed metal. A positive d?E/di? means a larger Thomson heat in the compressed metal, 
and the Thomson heat is itself considered positive if heat is absorbed by the positive current in 
flowing from cold to hot metal. Same reference as footnote 141, and notes as for preceding table. 





Peltier heat, Thomson heat, 
109 x Joules/coulomb 108 X J X coulomb-1? %С-1 
Pressure kg/cm? Pressure kg/cm? 
pou ui AL oo ен 
6000 12,000 6000 12,000 
Temperature °C Temperature °C 
eo 4 о 
Metal 0? 50? 100? 0? 50° 100° 0° 50° 100° 0° 50° 100° 
Ши: а +1070 +1210 — +2580 +2810 — +1150 +650 — --520 —405 -- 
OE 222 +98 +140 +190 +190 +278 +412 +41 +48 +56 +63 +133 +220 
Ш... oun. +66 1-95 +124 +112 +171 +229 +38 +28 +26 +79 +63 +50 
EE. 7 ІНІ ТП 180 лд КК? woo -{&3 tios РЕ 
Constantan .. +46 457 +70 +90 4114 4140 ә Бе о рї. ыл Жү 
ee +35 +43 +52 +68 +86 +103 3 +4 +4 9 9 +8 
EM n 4-23 437 +35 +45 +76 +65 +49 —6 --18 +96 +17 +59 
ое +17 +25 +32 +36 +49 +65 +8 +7 +6 +9 +14 +20 
EN . eet... +11 +17 +23 +24 +37 +50 +9 +7 +8 +16 +15 +10 
с ла +13 +17 +23 +25 +34 +44 4 +5 +6 8 +10 
ES... ЕЛІ ВБИ 5% 1386 ШЕГУ ЛОН -ro8 051215955347 050-120 14 
EN ove 7 то то 2 420 р 12 16 БЮ EG № о 
ЕР... +6 +10 +14 +13 +18 +25 +4 +4 +5 +6 +6 +7 
в... +4 +6 +8 112 81 Л 2-1 ET 4 +46 + 8 
EN cc ven ae --2 +2 +8 --3 +7 +17 +6 +9 +11 +21 +16 +20 
MS. onn (4 22 NO Ta +4 ati жаа — г 2. IRE 

ES. EM HA i aes Шел ЖЫ te Ho = +29 1 
Manganin —2 —2 —2 24 --4 --4 +1 +1 +0 +2 +1 +1 

ЫН 22222 --16 --18 --21 --35 --42 --48 0 0 0 0 
UO PEDE —23 —33 —44 —46 —67 --90 --14 --11 —10 -20 --24 —28 


TABLE 384.—THERMAL ELECTROMOTIVE FORCE OF CADMIUM VERSUS 
PLATINUM 


Temperature versus emf 


EC mv ЭС ту С ту 
0 000 125 1.211 250 3:255 
25 +.171 150 1.559 275 3.740 
50 378 175 1.940 300 4.238 
75 .620 200 2.351 315 4.539 
100 898 225 2.790 





TABLE 385.—PELTIER EFFECT 


The coefficient of Peltier effect may be calculated from the constants A and B of Table 
377, as there shown. With Q (see Table 377) in microvolts per *C and T — absolute tem- 


perature (K), the coefficient of Peltier effect = gT cal per coulomb = 0.00086 OT cal 


per ampere-hour = Q7/1000 millivolts (= millijoules per coulomb). Experimental results, 
expressed in slightly different units are here given. The figures are for the heat produc- 
tion at a junction of copper and the metal named in calories per ampere-hour. The current 
flowing from copper to the metal named, a positive sign indicates a warming of the 


junction. 
Calories per ampere-hour 
Sb com- German 
Sb* mercial f Bi pure Bi t Cd silver Fe Ni Pt Ag Zn 
— — - —  —.62 — --361 4.36 32 --41 --.58 
1302 48 191 258 46 247 25 EC QNS эм, 





* Becquerel’s antimony is 806 parts Sb-+ 406 parts Zn -+ 121 parts Bi. 
ї Becquerel’s bismuth is 10 parts Bi-+1 part Sb. 
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TABLE 386.—RESISTIVITY OF METALS AND SOME ALLOYS 


The resistivities are the values of p in the equation R — pl/s, where R 1s the resistance 
in microhms of a length ] cm of uniform cross section s cm’. Тһе temperature coefficient 


is a, in the formula R: = R,[1 -rF a.(t — t)]. 


necessarily apply to the temperature coefficient. 





Tempera- 
ture Microhm- 
Substance Remarks °С ст 
PMV ANCE 2...7 see constantan --- --- 
Aluminum ......... --- 20 2.828 
с. с. р. --189 64 
ПИ ы А --100 155 
Ng I ^ 0 2 02 
ОИ oe eee “ +100 3.86 
ПР В. А 400 8.0 
Апбїпопу .......... --- 0 39.1 
PEU e -— --190 10.5 
DI е Паша +860 120 
А Гес... —— 0 35 
Бегу s.v --- 20 10.1 
Bismuth ........... --- 18 119.0 
ее === 100 160.2 
Brass cis oreo cee --- 20 4 
Сатиш .......... drawn --160 2272 
5 18 7.54 
КӨ ЛАКА ү 100 9.82 
ПИ ан liquid 318 34.1 
а. 99.57 риге 20 4.59 
(АП 6 see nichrome -— --- 
(Сез а. — — 187 5.25 
E S — 0 19 
T A solid 27 222 
ED ^ S ғ liquid 30 36.6 
Chromium s. vvv — 0 13 
(Па е --- 20 87 
Wobalt A... 4c 99.8 pure 20 97 
Constantan NODIS 60% Cu 40% Ni 20 49 
(орге eise rs annealed 20 1.724 
Кк ee hard-drawn 20 1:71 
Р electrolytic —206 144 
Eg os г 4-205 2.92 
o, onc E PN pure 400 4.10 
И R very pure, ann'ld 20 1.692 
Eureka 2.24. 0095 see constantan --- - — 
[cello о орао mee --- 20 92 
Саша с > 0 53 
German silver ...... 18% N 20 33 
Сегтапит ........ --- 0 89000 
Gold 4... те 99.9 pure —183 .68 
о DEDOS = 0 222 
и: pure, drawn 20 2.44 
ue БИИ 9 pure 194.5 3.77 
la. lassi nc E see constantan --- — 
Ideal m МОН ee i 2 --- — 
indium ee ИТ -— 8.37 
ЕЮ. DS --- --186 1.92 
fhe ае -— 0 6.10 
М аба oN ee -— +100 8.3 
ООА 99.98% риге 20 10 
Ес ЈЕ pure, soft —205.3 652 
ЖОЛ. ЫК ш с А И — 78 5.32 
Ее 5 s 0 8.85 
(continued) 
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The information of column 2 does not 


Temperature coefficient 


і 


8 


18° 

25 
100 
500 


53 
d 


||| 


~ 
<> 


DO DO 
к= 


~ 
ce 


12 
25 
100 
200 
500 
20 see сої. 2 2 
100 
400 
1000 


20 
20 


2 
100 ann’ld 
500 “ 
1000 


- 
- 


ОКЕ 


20 
0 
25 
100 


а, 





+.0039 
+.0034 
+.0040 
+.0050 


4.0036 


+004 


+.002 
+.0038 


4.0036 


BP 


ec 
(=> 
сл 
© 


‚0062 
0052 
+.0068 


TABLE 386.—RESISTIVITY OF METALS AND SOME ALLOYS 


(continued) 

Tempera- 
ture 
Substance Remarks PES 

Seale е pure, soft + 98.5 

Те... | i 196.1 
e a ы i 400 
HEP ror tcs electrolytic 0 
EE eor j 100 
Реде а onn == 20 
И аи cold pressed —183 
MEM OT сезе; С i 55 78 
о. т 0 

ШО n E 4- 90.4 

ШЕ”. 5 Ы; 196.1 
EE eo son == 318 
ПЕ es esu rns solid E 

ПЕ 27 j 99.3 
БЕР” Паша 230 
Magnesium ........ --- 20 
СИУ. free from Zn 2-133 
e ј о: — 78 
Стя B NES 0 

IP eee. i ER + 98.5 
EO do or > pure 400 
Manganese ........ — = 
Майсана ль... 84 Сп, 12 Мп,4 Мі 20 
Менше. 22. = 20 

о solid —183.5 

MENU. s P —102.9 

e: з E — 50.3 

E d — 392 

о Паша — 36.1 
ПИ S i 0 
Бо E 50 
Ее i 100 
EET Se Н 200. 
енсе. “ 350 
Molybdenum ....... very pure 0 
Monel metal ....... --- 20 
Алспиете .......... -- 20 
ИСКЕ 222222. — 20 
EN шыш» уегу риге 20 

ШЕГІ... pure —182.5 

EE Ир Б -- 78.2 
В. | 0 

t ы уг» У 94.9 
OSMIUM ае -— 20 
Palladium ......... -- 20 
uM o ва. very pure --183 
Ер” ха р a — 78 
а» o ES. Б 0 

NS A Е i 98.5 
plannum ves... --- 0 
в... wire — 203.1 

iE Ne cvs > — 97.5 
Ы secco “ 0 
ЕЕ с 100 
ШТ s --- 400 

(continued) 
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385 
Temperature coefficient 
Microhm- 
cm г; a, 

17.8 500 +.0147 

21-5 1000 4-.0050 

43.3 -— -- 

10.0 --- --- 

14.41 --- --- 

22 20 +.0039 
6.02 18 +.0043 

14,1 --- -— 

19.8 -— --- 

28 --- --- 

36.9 --- --- 

94 --- -— 
1.34 --- -- 
8.55 —— -— 

12v --- --- 

45.2 — — 
4.6 20 + .004 
1.00 0 --.0038 
2.97 25 +.0050 
4.35 100 4-.0045 
5.99 500 4-.0036 

11.9 600 4-.0100 
50E Ж m 

44 12 4-.000006 

-— 25 .000000 
--- 100 --.000042 
--- 250 --.000052 
-— 475 — 000000 
--- 500 --.00011 

95.783 20 + .00089 
6.97 0 + .00088 

15.04 = — 

2179 Е — Rel + ES 

25.5 .00089 + --- 

80.6 .000001:% --- 

94.07 -— --- 

98.50 --- — 

103.25 — -— 
114.27 —— -— 
[35:5 — --- 
5.14 25 +.0033 
mt 100 --.0034 
--- 1000 +.0048 
42 20 4-.0020 
100 20 4-.0004 
7.8 20 4-.006 
7.236 -- --- 
1.44 0 +-.0062 
4.31 25 4 0043 
6.93 100 --.0043 
ШІ 500 +.0030 
--- 1000 --.0037 
9.5 -— — 

11 20 4-.0033 
228 0 +.0035 
7217. --- - - 

10.21 --- --- 

13.79 —— --- 
9.83 20 4-.003 
2.44 0 4-.0037 
6.87 —— --- 

10.96 -— -— 

14.85 --- — 

26 --- -- 


386 


Substance 
Potassium 
“ 
“ 


Rhodium 


TABLE 


* евеееее 


әФеебсееесеее 


Rubidium 
“ 
“ 
“ 


Silicium 


ежееееваввеее 


воо ооо о о » o 


* ө Ф ө ә ә э э ө о 6 


ӘЛМЕН... 


* ө ә э Ф ә ә ә Ф ә э ө о 


9 6 9 * 9 9 ө э э ә э ә 


• . •. э ә ө ә ө Ф е ө 


e . .. ооо о о э » € 


9 9 9 » » 9 ооо ооо 


9 9 9 ә э 9 9» ® воо оо * € 


* ө Ф эз э ө Ф Ф э э э о 6 


ооо ооо о ә 9 8 ә э э 


€ • & 9» à 9» 9 9 9» 9» ө ө э €$ 


€ & 9 ө 9 оороо ө ө э 6 


€ ө Ф * 9 ө 9» * ө э » ө э @ 


> ә • • = е с. «ос ог 


• 89 ә а * ә ә * * 9 ө э э €* 


Strontium 
Tantalum 
Tellurium* 
Thallium 


оов вао о о в о 


e € e 9 9 9 9» 9 » » э о о о 6 


9» ә 9 ә ө € 9 9 э э 9? э 9? ә €* 


“есеесзсесегеееевееее 


* ө© ® ө ө ә э э э эе ө э ө ө o 


* ө е а ө ә ® ө ә э ә эе Ф ә о 


Titanium 
Tungsten 


* See note to Table 377. 


.ееезееееаее 
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(continued) 
Tempera- 
ture Microhm- 
Remarks ЕС ст 
--- -- 75 4 
--- 0 61 
— 55 8.4 
--- --186 ‚70 
--- -- 78.3 3.09 
== 0 5.11 
--- 100 6.60 
solid —190 2:5 
0 11.6 
35 13.4 
liquid 40 19.6: 
--- 20 58+ 
99.08 pure 18 1.629 
electrolytic —183 .390 
$ — 78 1.021 
a 0 1.468 
а 98.15 2.062 
“ 192.1 2.608 
“ 400 3.77 
solid --180 1.0 
-- 75 2.8 
0 4.3 
55 5.4 
Паша 116 10.2 
E. B. B. 20 10.4 
‚В, 20 11.9 
Siemens-Martin 20 18 
manganese 20 70 
3595 N1, "invar." 20 81 
piano wire 0 11.8 
temp. glass, hard 0 45.7 
, yellow 0 27 
" , blue 0 20.5 
, Soft 0 15.9 
--- 20 24.8 
— 20 155 
--- 19.6 200,000 
--183 4,08 
-- 78 11.8 
0 17.60 
98.5 247 
-— 20 15 
--- --184 3.40 
--- -- 78 8,8 
--- 0 13 
--- 91.45 182 
--- --- 55 
--- 20 5l 
1000°K 727 2509 
1500°К 1227 41.4 
2000°К 1727 59.4 
3000° К 272] 98.9 
3500°K 2227 118 
trace Fe --183 1.62 
ME — 78 3.34 
е 0 5.75 
B 9245 8 
С 191.5 10.37 
Паша 440 37.2 


386.—RESISTIVITY OF METALS AND SOME ALLOYS 


Temperature coefficient 


t 


ІІІ 


+.0057 
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TABLE 386.—RESISTIVITY OF METALS AND SOME ALLOYS (concluded) 


Resistance temperature coefficient for a number of metals and alloys of high purity. 





Metal (Rj,,— Ry) /100R, Alloy (Кы Ry) /100R, 
М С „00667 95 Pt— 5 Rh .00215 
ZI o P CREE .00419 90 Pt—10 Rh .00169 
(d. Dee к, ни. .00423 80 Pt—20 Rh .00140 
о Ие .003925 60 Pt—40 Rh .00144 
ЕТ С” 00436 40 Pt—60 Rh .00194 

20 Pt—80 Rh .00260 


TABLE 387.—SOME ELEMENTS ARRANGED IN ORDER OF INCREASING 
RESISTIVITY (ohm-cmX 10°, 20°C) 


Ag 1.468 Mn эшш Ра 10.21 Са 53 

Си 1.59 Мо (5.3) Pt 10.96 Os 56 

Au 2:22 Zn 575 Rb 13 Hg 94.07 
А1 2.6 ЈЕ 6.10 Sn 13 Бі 110 

Er 2.6 K 6.1 Ta 14.6 Graphite 810° 
Ti 22 Ni 6.93 TI 17.6 Carbon 3x10? 
Na 4.3 Cd 7.04 Cs 19 Te 210° 
Са 4.3 In 8.37 Pb 20.4 P 10° 
Mg 4.35 Éi 8.55 Sr (23:5) B 8x10" 
Rh 4.69 Fe 8.8 AS 35 Se T05 

W 5 Со 9 Sb 39 S I0 





TABLE 388. —THERMAL ELECTROMOTIVE FORCE OF PLATINUM-RHODIUM 
ALLOYS VERSUS PLATINUM 


еті (ту) 


Percent rhodium 


С 5 1.0 5.0 10.0 20.0 40.0 80.0 100.0 
0 ‚00 00 .00 .00 .00 .00 .00 00 
100 +.10 +.18 +.54 +.64 +.63 +.65 +.62 +.70 
200 20 27 1.16 1.43 1.44 1-52 1.49 1.61 
300 29 ЭЯ 1.82 292 2.40 2:98 2258 2.68 
400 39 .76 2,49 3.25 3.47 3.70 377 291 
500 48 .94 3.17 T22 4.63 4.97 2:12 2220 
600 58 ЈЕ 3.86 2:22 5.87 6.36 6.60 6.77 
700 67 1.30 4,55 6.26 7.20 7.85 8.20 8.40 
800 76 1.48 525 7.33 S9 9.45 9.92 10.16 
900 85 1.66 5.96 8.43 10.06 11.16 1525 12.04 
1000 94 1.84 6.68 9:57 11.58 12.98 1579 14.05 
1100 1.03 2.02 7.42 10.74 13-19 14.90 15.81 16.18 
1200 PIS 2.20 8.16 11.93 14.84 16.91 17.99 18.42 


TABLE 389.—EFFECT OF TENSION ON THE RESISTANCE OF METALS 


Li Са Sr Sb Бі Manganin Co 
Recip. Young's 
inodo ul) cess. 20 4.75 7:5 1.25 4.2 TE IS 
Poisson гапо 2. 42 .30 .36 „302 194 ES .30 
Tens. coef. spec. 
resist. X 10° ..... +11 4-.8 —21.2 +3.0 —3.65 —.60 +.19 
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TABLE 390.—VARIATION OF THE ELECTRICAL RESISTANCE WITH PRESSURE 
FOR TWO TEMPERATURES OF A NUMBER OF METALS”? 


Copper—AR/R, Silver—AR/R, Gold—AR/R, Iron—AR/R, Lead—-AR/R, 

Pressure д ----с----- ------”----- у rm 
kg/cm? 30°C 7550 30°С 75°С 30°С USC 30°C 75°С 30°С 75526 

5,000 0096 .0094 0174 ‚0176 0151 0154 0121 0118 .0686 .0691 
10,000 0166 0185 0335 .0341 .0293 .0299 0234 .0232 .1266 1224 
15,000 0271 0271 ‚0492 ‚0497 ‚0429 0437 0341 ‚0341 177) 170 
20,000 0354 .0354 .0637 .0644 0559 0570 0444 0447 .2214 2242 
25,000 0434 0435 .0774 0784 0684 ‚0698 .0542 0548 261 ‚2643 


30,009 0513 .0514  .0904  .0916 .0806 .0824 0637 .0646 .2959 .2998 


42 Bridgman, Proc. Amer. Acad. Arts and Sci., vol. 72, p. 174, 1938. 


TABLE 391.—RELATIVE ELECTRICAL RESISTANCE WITH PRESSURE FOR TWO 
TEMPERATURES OF A NUMBER OF METALS * 


Zinc 
‚тол — 0 1 — 
Axis 87? Axis 17? 
Lithium Calcium Strontium Barium to length to length 
АРА R/R R/R 
R/R R/R R/R(0, 30°) R/R(0, 30?) В /Е (0, 30°) (0, 309) (0, 30%) 


Pressure (0, 30°) (0, 75°) т--------- pa 
kg/cm? 30°С 156 30°С 75°С 30°С 75°С ЗОВЕ ЕОс 75°C 30°С ғалы е 
0 --- -— 1.0000 1.1688 1.0000 1.0974 1.0000 1.156 1.0000 1.1627 1.0000 1.1650 
2,500 1.0175 1.0172 1.0237 1.1922 1.1141 1.2140 .982 1.130 .9868 1.1488 .9758 1.1352 
5,000 1.0354 1.0351 1.0490 1.2187 1.2448 1.3451 .971 1.114 .9744 1.1355 .9525 1.1062 
7,500 1.0539 1.0537 1.0764 1.2485 1.3922 1.4908 .967 1.107 .9628 1.1228 .9300 1.0809 
10,000 1.0727 1.0730 1.1069 1.2816 1.5562 1.6510 .970 1106 .9518 11107 .9081 1.0562 
12,500 1.0920 1.0928 1.1407 1.3178 1.7364 1.8258 .976 1.108 .9416 1.0991 .8882 1.0325 
15,000 1.1117 1.1131 1.1772 1.3571 1.9333 2.0153 .984 1.113 .9321 1.0880 .8686 1.0103 
17,500 1.1318 1.1339 1.2164 1.3998 2.1467 2.2195 .995 1.123 .9233 1.0776 8500 .9890 
20,000 1.1524 1.1553 1.2582 1.4460 2.3767 2.4377 1.008 1.140 .9150 1.0677 .8321 .9687 
22,500 1.1735 1.1770 1.3025 1.4959 2.6273 2.6703 1.025 1.161 .9072 1.0582 .8153 .9495 
25,000 1.1949 1.1992 1.3491 1.5485 2.8905 2.9187 1.044 1.184 8998 1.0498 .7990 .9310 
27,500 1.2169 1.2221 1.3983 1.6033 3.1695 3.1805 1.066 1.211 .8926 1.0420 .7835 .9129 


30,000 1.2394 1.2453 1.4500 1.6603 3.4665 3.4585 1.092 1.24] .8855 --- .7687 .8959 
Potassium Cesium 
К/К (0, 30°) К/К (0, 30°) 
Pressure ES ННЦ и Sodium Rubidium 
kg /cm? 305 752 30° 75° К/К (0, 30°) R/ RO; 30°) 
0 1.0000 —— 1.0090 —- 1.0000 1.0000 
2,500 .664 --- ‚807 --- 8529 615 
5,000 ‚491 615 812 1.046 4537 .471 
7,500 .378 467 ‚864 1.117 ‚6762 .407 
10,000 .303 1972 1.005 1.260 .6171 Bal 
12,500 :253 .310 1.169 1.450 .5708 .354 
15,000 .219 .269 1.376 1.685 .5341 950 
17,500 ‚197 .242 1.624 1.984 .5049 .358 
20,000 .1821 .224 1.917 2.369 4813 .376 
22,500 --- --- 2.492 3.068 ‚4619 404 
25,000 1719 .216 2.836 3.491 „4456 447 
27,500 --- — 3.239 3.972 .4324 .504 
30,000 .1778 --- —- 4.509 4223 .576 


* For reference, see footnote 142, above. 
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TABLE 392. —THERMAL ELECTROMOTIVE FORCE OF NICKEL 





ЕС mv 
0 .000 
25 --.350 
50 .710 
75 1.090 
100 1.485 
175 1.880 
150 2.285 
175 2.695 
200 3.105 
225 3.505 
250 3.860 
275 4.255 
300 4.590 
325 4.880 
350 5.110 
375 5.290 


VERSUS PLATINUM!” 


Temperature versus emf 


SC 
400 
425 
450 
475 
500 
525 
550 
3/9 
600 
625 
650 
675 
700 
775 
750 
775 


ТЛУ 
5.450 
5.580 
5.745 
5.960 
6.165 
6.360 
6.585 
6.800 
7.040 
7.290 
7550 
7.825 
8.105 
8.415 
8.720 
9.030 


143 Nat. Bur. Standards Journ. Res., vol. 5, p. 1291, 1930. 


С 
800 
825 
850 
875 
900 
925 
950 
975 

1000 
1025 
1050 
1075 
1100 


mv 
9.350 
9.675 

10.010 
10.350 
10.695 
11.045 
11.400 
11.765 
12.130 
12.500 
12-875 
13.250 
13.625 


TABLE 393—ПАУЕКАДЕ РЕЕБЗЈЏКЕ СОЕРЕ|СТЕМТ5 %“ OF ELECTRICAL 
RESISTANCE UP TO 7000 kg/cm? AS A FUNCTION OF TEMPERATURE ™ 


Metal —182.0°C 
а ом —12.76 
Magnesium ...... --5.89 
Aluminum ....... —9.16 
Ое eanna --4.09 
О ои Л 
ODDS... cv e eere --3.09 
Nickel ата — 1.88 
ТОП. —2.44 
Palladium ....... —2.82 
Корт... -- .80 
алаты о. << —2 34 
Rhodivim 2....... --2.26 
Molybdenum ..... —1.91 
Пала... — 1.17 
Tungsten eessen —1.36 


Oos 


14 Bridgman, P. W., Proc. Amer. .\cad. 


1 Maximum pressure 4300. 
i On a less pure sample. 


Temperatures 
—78.4°C 0°С 
--12.88 --12,99 

--4.49 --4.39 
--4.71 --4.28 
—3.46 —3.45 
—2.97 —2.94 
—2.14 — 1.88 
—2.00 — 1.85 
—2.27 —2.34 
—-2.32 --2.13 
— .98 —1.18 
—1.97 —1.93 
—1.86 — 1.644 
—1.29 —1.30 
—1.42 —1.45 
—1.42 —1.37 


Arts and Sci., vol. 67, p. 342, 1932. 
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TABLE 394.—RESISTIVITY OF MERCURY AND MANGANIN UNDER PRESSURE 


Pressure, kg/cm? -- 500 


R(p, —75°) Hg.. 9156 .9055 .8930 
(р, 25°) Hg.... 110000 .9830 .9052 
Eo 2% 1.0090 .9854 .9716 


1002 


1500 


2000 2500 


8818 .8714 .8582 
0535 „0394 .9258 
9588 .9462 .9342 


5 : 
R(p, 125°) Hg... 1.0970 1.0770 1.0589 1.0400 1.0230 1.0070 


* This line gives the specific mass resistance at 25°, 


5000 


‚8478 
‚9128 
9228 
„9908 


4000 
8268 
8882 
9010 
9614 


5000 
.8076 
.8652 
.8806 
9342 


6000 
.7896 
‚8438 
‚8616 
‚9086 


the other lines, the specific volume resistance. 


6500 


‚7807 
‚8335 
58527 
‚8966 


Тһе use of mercury as ahove has the advantage of being perfectly reproducihle so that at any time a pressure 
сап be measured without recourse to a fundamental standard. However, at 0°C mercury freezes at 7500 kg/cm?. 


Manganin is suitahle over a much wider range. 


relation is linear within l!4o percent of the change of resistance up to 13,000 kg/cm?. 
slightly with the saniple. Dridgmau's samples (German) had values of (AR/pRo) X 10® from 2295 to 2325. 
These are + instead of —, as with most of the above metals. 
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Over a temperature range 0 to 50°C the pressure resistance 


The coefficient varies 
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TABLE 395.—THERMAL ELECTROMOTIVE FORCE OF ZINC VERSUS 


PLATINUM 


Temperature versus emf 





C 


25 
50 


100 
122 


ту 
000 
+.153 
ый 
A 
.758 
1.005 


C mv 
150 1.276 
173 1572 
200 1.894 
225 2.240 
250 2.610 
275 3.002 


°C 
300 
325 
350 
375 
400 
415 





TABLE 396.—CONDUCTIVITY AND RESISTIVITY OF MISCELLANEOUS ALLOYS 


Conductivity in mhos or 


uu a 


bt). 


сз м 


Metals and alloys 
Gold-copper-silver 
ae “ “ 


“ “ [11 


Та. 
Welding iron 
Woods metal 
Brass 


“ 


° ө ө 9 * ө * ө е * е 


hard drawn 
annealed .. 
German silver 


i< 
.... 


“ “ 


Aluminum bronze 
Phosphor bronze . 
Silicium bronze .. 
Manganese-copper 
Nickel-manganese- 

copper 


Nickelin 


• . . . Ф ө ө ә = 


Patent nickel 


Rheotan 22222222 
Ке 2. 
Соррег-тапрапезе- 
iron 
Copper-manganese- 
ОП. 520 
Copper-manganese- 
iron 
Therlo 
Manganin 
Constantan 


и — 924. 


. е «еее 


е e е ө е 9 


ооо о o 


.4... 


° ө ө е ө э 


* о ө ее в 


• ... э ө 


• . . э э э ъъ ө ө ө ө ө 


а 0 = 93: 


Temperature coefficients 


ohms-cm 


Composition by weight 
58.3 Au + 16.5 Cu + 15.2 Ag 
66.5 Аи - 15.4 Си - 18.1 Ая 
7.4 Аи + 78.3 Си + 14.3 Ар 
605%; c ЛЕНІ CS 
56 Bi, 17 Gade 14 P T3 Sp 
Various 


Various 
(60.16 Cu-— 25.37 Zn + | 

14.03 Ni + .30 Fe with сао) 
т cobalt and manganese 


3 Ni 24 Мп + 73 Cu 

(96 Ni + 61.63 Cu + 
1 

J 

f 


9.67 Zn + 0.24 Fe + 
0.19 Co + 0.18 Mn 
25.1 Ni + 74.41 Cu + 
0.42 
0.13 Mn + trace of cobalt 
53.28 Cu + 25.31 Ni + 
16.89 Zn + 4.46 Fe + 

0.37 Mn 


53 Cu 25 Ni 17 Z0 re.a. 
91 Cu 4- 7.1 Mn 4- 19 Fe .... 
70.6 Cu 4- 23.2 Mn 4- 62 Fe.. 
69.7 Си + 29.9 Ni 4-03 Fe .. 
85 Сы, 13 Mi, 2 Am ШЕ... 


84 Си + 12 Мо +4 № 
60 Си + 40 Ni 


1 
| 
) 
Fe + 0.23 Zn + | 


tb >< 1057280. 


y? 
10% 
7.58 
6.83 

28.06 
1.33 
6.25 
1.93 


12.2-15.6 


12.16 
14.35 
3-5 
3:39 
7.5-8.5 
10-20 
41 
1.00 
2.10 


3.01 


297 


1.90 
2.24 
4.98 
1.30 
2.60 
2.24 


2.9 
2.04 


a x 108 
574% 
5291 

18301 

2000 

6000 


2900 
1-24-10* 


360 
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— y! —*(1— at -- bP?) and resistivity in microhm — cm 


p? 
132 
14.6 
3.6 
75 
18 
52 


6.4-8.4 
8.2 


70 
20-33 
30 


12-13 
5-10 


100 


48 
33 


34 


TABLE 397.--ELECTRICAL CONDUCTIVITY OF ALLOYS 391 


This table shows the conductivity of alloys and the variation of the conductivity with 
temperature. The conductivity is given as C. — C» (1 — at + bt’), and the range of tem: 
perature was from 0° to 100°C. 

The table is arranged in three groups to show (1) that certain metals when melted to- 
gether produce a solution which has a conductivity equal to the mean of the conductivities 
of the components, (2) the behavior of those metals alloyed with others, and (3) the be- 
havior of the metals alloyed together. 


Part 1 

Weight % Volume % 

ae, 

of first named Со 
Alloys 10* а Х 106 b x 10? 

SPARD iV V 77.04 83.96 7157 3890 8670 
ОШ ОПА 22000025252; 82.41 83.10 9.18 4080 11870 
Жы ПЕ ККЕ з ++» 78.06 22:7 10.56 3880 8720 
В... 64.13 53.41 6.40 3780 8420 
Со а Heels sss 6 « 24.76 26.06 16.16 3780 8000 
Sh спин с оса ње 23.05 23.50 13.67 3850 9410 
NODE. ИРГ 7.37 10.57 5.78 3500 7270 

Рагї 2 

Volume 96 Weight % 

of first named Lo 
Alloys 104 ax 108 b x 10? 

Lead-silver (PbaAg) ... 95.05 94.64 5.60 3630 7960 
Lead-silver (PbAg) .... 48.97 46.90 8.03 1960 3100 
Lead-silver (PbAg:) . 32.44 30.64 13.80 1990 2600 
Tin-gold (SnzAu) ..... 77.94 90.32 5.20 3080 6640 
P (Sn AUN... 2. 59.54 79.54 3.03 2920 6300 
Тімасоррег ............. 92,24 93.57 7.59 3680 8130 
а Дре CE 80.58 83.60 8.05 3330 6840 
i e CONES, uos 12.49 14.91 5.57 547 294 
и ИСЕ И. T 10.30 1225 6.41 666 1185 
е и. 9.67 11.61 7.64 691 304 
н ИИ 4.96 6.02 12.44 995 705 
< И... ІЛЕ 1.41 39,41 2670 5070 
ШЕЗЙУЕР 222222222... 91.30 96.52 7.81 3820 8190 
RS ee 53.85 75.51 8.65 3770 8550 
Улпе-соррег ..........., 36.70 42.06 13.75 1370 1340 
B BENE s so 25.00 29.45 13:70 1270 1240 
r о o co decr? 16.53 23.61 13.44 1880 1800 
2 ТСЕ 8.89 10.88 29.61 2040 3030 
я IEEE И 4.06 5.03 38.09 2470 4100 


Nore.— Barus has pointed out that the temperature variation of platinum alloys contain- 
1 Г " 
ing less than 1096 of the other metal can be nearly expressed by an equation y = 


where y is the temperature coefficient and x the specific resistance, m and x being constants. 
E a os temperature coefficient at 0*C and s the corresponding specific resistance, 
5(а | т) == п 

For platinum alloys Barus’s experiments gave m = —.000194 and n = .0378. 

For steel 11 = —.000303 and n = .0620. 

Matthiessen’s experiments reduced by Barus gave for 

Gold alloys m = —.000045, n = .00721. 

Silver “ m = —.000112, n — .00538. 

Copper“ =m = —.000386, n = .00055. 


(continued) 
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TABLE 397.—ELECTRICAL CONDUCTIVITY OF ALLOYS (concluded) 


Part 3 


Volume % 


of first named 


Weight % 

Alloys 
Gold-copper ........... 99.23 
d EP се” 90.55 
Gold-silver ............ 87.95 
а К еее. 87.95 
T M MEM. 64.80 
е PO EE s. 64.80 
yi AM c NN 31.33 
И а И 31.33 
Gold-copper ........... 34.83 
> Р. И 1:52 
Platinum-silver ........ 33.33 
б DE Em ovs 9.81 
е ПН om 5.00 
Palladium-silver ....... 25.00 
Copper-silver .......... 98.08 
4 ПР о s 94.40 
i НОЕ 76.74 
p м. 42.75 
Y "EET us 7.14 
: Bm NE з: 1.31 
ПРО... 13.59 
: О е... 9.80 
» EET V seven 4.76 
Iron-copper ............ .40 
Phosphorus-copper ..... 2.50 
n Ша 722 ‚95 
Arsenic-copper ......... 5.40 
s v ee 2.80 
ш шама”... ігасе 
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98.36 
81.66 


79.86 
79.86 
52.08 
52.08 
19.86 
19.86 


19.17 
.71 


19.65 
5.05 
251 


23,28 


98.35 
95.17 
77.64 
46.67 
8.25 
1-59 


27,93 
21.18 
10.96 


46 


10% 
35.42 
10.16 


13.46 
13.61 
9,48 
9,51 
13.69 
12:72 


12.94 
53.02 


4.22 
11.38 
19.96 


5.38 


56.49 
51.93 
44.06 
47.29 
50.65 
50.30 


1.73 
1.26 
1.46 


24.51 


4.62 
14.91 


3.97 
38,52 


а Х 106 


2650 
749 


1090 
1140 
673 
721 
885 
908 


3320 
330 


1240 
324 


3450 
3250 
3030 
2870 
2750 
4120 


3490 
2970 
487 


1550 


476 
1320 


516 
736 
2640 


b x 10? 
4650 
81 


793 
1160 
246 
495 
531 
641 


570 
7300 


208 
656 
1150 


154 


7990 
6940 
6070 
5280 
4360 
8740 


7010 
1220 
103 


2090 


145 
1640 


989 
4830 


TABLE 398.—RESISTIVITIES AT HIGH AND LOW TEMPERATURES 393 


The electrical resistivity (p, ohm-cm) of good conductors depends greatly on chemical purity, 
Slight contamination even with metals of lower p may greatly i increase p. Solid solutions of good 
conductors generally have higher p than components. Reverse is true of bad conductors. In solid 
state allotropic and crystalline forms greatly modify p. For liquid metals this last cause of varia- 
bility disappears. The + temperature coefficients of pure metals is of the same order as the coef- 
ficients of expansion of gases. For temperature resistance (t, p) plot at low temperatures the 
graph is convex toward the axis of ¢ and probably approaches tangency to it. However for 
extremely low temperatures Onnes finds very sudden and great drops in p, e.g., for mercury, 
рз.вк <4 X 10°" po and for Sn, pa.sk <107po. The t, p graph for an alloy may be nearly parallel to 
the ¢ axis, cf. constantan; for poor conductors p may decrease with increasing ¢. At the melting- 
points there are three types of behavior of good conductors; those about doubling p and then pos- 
sessing nearly linear f, p graphs (Al, Cu, Sn, Au, Ag, Pb) ; those where p suddenly increases and 
then the + temp. coefficient is only approximately constant (Hg, Na, K); those about doubling p 
then having a —, slowly changing to a + temp. coef. (Zn, Cd) ; those where p suddenly decreases 
and thereafter steadily increases (Sb, Bi). The values from different authorities do not neces- 
sarily fit because of different samples of metals. Resistivities are in microhm-cm unless other- 
wise stated. Italicized figures indicate liquid state. 





Gold Copper Silver Zinc 
д а ди 
р Е ^n 2 
E P, Po C Pe Po °С Pe Po = р Po 
—252.8 .018 .0081 —258.6 .014 .0091 --258.6 .009 .0057 —252.9 .0511 .0089 
—200. .601 .267 —252.8 .016 .0103 —252.8 .014 .0090 --200. 1.39 ‚242 
— 192.5 ‚520 Eo] --251.1 .028 .0178 — 189.5 .334 222 —191.1 1.23 .214 
--150. 997 .444 — 206.6 .163 .1035 — 200. 357 5227 --150. 2.00 .348 
— 100. 1.400 ‚623 --192,9 .249 .1580 --150. .638 .424 -- 100. 2.90 .504 
-- 77.66 1.564 .696 --150. 256477 159 --100. .916 .608 -- 77.8 3.97 .691 
-- 50. 1.813 .806 — 100. ‚904 2973 — 76.8 1.040 .690 — 50. 4.04 .703 
0. 2.247 1.00 — 50. 1.240 .786 — 50. 1212 .805 0. 9273 1.00 
100. 2.97 1.32 0. 1.578 1.00 0. 1.506 1.00 100. 7.95 1:38 
200. 3.83 1.70 100. 2.28 1.44 100. 2.15 1.43 300. 13.25 2.30 
500. 6.62 2.94 200. 2.96 1.88 200. 2.80 1.86 415. 17.00 2.96 
750. 9.35 4.16 500. 5.08 2,22 400. 3.46 2.30 4277 57210 6.49 
1000. 12.54 5.58 750. 7.03 4.46 750. 6.65 4.42 450. 37.08 6.46 
1063. 13.50 6.01 1000. 9.42 5.97 960. 8.4 5.58 500. 36.60 6.56 
1063. 30.82 13.7 1083. 10.20 6.47 960. 16.6 11.0 600. 35.90 6.25 
1200. 32.8 14.6 1083: 21.30 13.5 1000. 17.01 11.3 700. 35.60 6.19 
1440. 35.6 15.8 1200. 22.30 14.1 1200. 19.36 12.9 800. 35.60 6.19 
1500. 37.0 16.5 1400. 23.86 15.1 1400. 21.72 14.4 850. 35.74 6.21 
1500. 24.62 15.6 1500. 23.0 15: 
Mercury Potassium Sodium Iron 
a Е 9 FS Е, ЇЕ 
P; P, E p, 
"C P, Do "C Ps Po °C Py Ро °С p, Po 
--200. 5.38 .057 --200. 1.720 ‚246 --200. .605 mv, --252.7 ‚011 ‚0010 
--150. 10.30 .109 — 150. 2.654 .379 — 150. 1.455 ‚330 --200. „57 .053 
--100. 15.42 .164 ---100. 3.724 2942 --100. 2.380 .541 —192.5 .844 .079 
-- 50. 21.4 2227 -- 50. 5.124 2742 -- 50. 3.365 .764 — 100. 5.92 .554 
-- 30. 91.7 2945 0. 7.000 1.00 0. 4.40 1.000 -- 75.1 6.43 .602 
0. 94.1 1.000 20. 7.116 1.016 20. 4.873 1.107 — 50. 8.15 .763 
50. 98.3 1.045 60. 8.790 1.256 93.5 6.290 1.429 — 0. 10.68 1.00 
100. 103.1 1.096 65. 13.40 1.914 100. 9.220 2.095 100. 16.61 1.554 
200. 114.0 1.212 100. 15.31 2.187 120. 9.724 2.209 200. 24.50 2.293 
300. 127.0 1.350 120. 16.70 2,386 140. 10.34 2.349 400. 43.29 4.052 
Manganin German silver Constantan 90% Pt 10% Rh 
д M 
Py Pr Py P, 
is P, % "С Pp Po Б P, Po °С P, Po 
—200. 37.8 .974 —200. 27.9 .930 --200. 42.4 .961 --200. 14.49 .685 
--150. 38.2 .985 — 150. 28.7 2957 —150. 43.0 975 —150. 16.29 .770 
--100. 38.5 .992 —108. 29.3 12/7 --100. 43.5 .986 --100. 18.05 .854 
-- 50. 38.7 .997 -- 50. 29.7 .990 -- 50. 43.9 .995 -- 50. 19.66 .930 
0. 38.8 1.000 0. 30.0 1.000 0. 441 1.000 0. 21.14 1.000 
100. 38.9 1.003 100. 331 1.103 100. 44.6 1.012 100. 24.20 1.145 
400. 38.3 .987 400. 44.8 1.016 
(continued) 
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TABLE 398.—RESISTIVITIES AT HIGH AND LOW TEMPERATURES (concluded) 


(Ohm-cm unless stated otherwise.) 








Platinum Lead Bismuth Cadmium 
ете... 

р, р, Pe Pr 
°С Ps Po "C Pr Po °С Ps Po °С P, Po 
--265. 210 .0092 --252.9 299 .0298 --200. 34.8 „314 — 252.9 ‚17 ‚0218 
— 253. 215 .014 --203. 4.42 ‚223 —150. 55.3 .499 --200. 1.66 .214 
--233. .54 .049 — 192.8 5.22 .264 —100. 75.6 .683 —190.2 2.00 2.58 
--153. 4.18 .378 —103. 11.8 „598 -- 50. 94.3 .852 —183.1 2.22 .286 
— 73. 7.82 .708 -- 75.8 13.95 .705 0. 1107 1.00 —139.2 3.60 .464 

0. 11.05 1.00 — 53. 15.7 792 17. 120.0 1.083 —100. 4,80 .619 
100. 141 1.28 0. 19.8 1.00 100. 156.5 1.413 0. 7\75 1.00 
200. 17.9 1.62 100. 27.8 1.403 200. 214.5 1.937 300. 16.50 2.13 
400. 25.4 = 30 200. 38.0 1.919 259. 267.0 2.411 325 2279 4.35 
800. 40.3 3.65 319. 50.0 2.52 204: 127,5 1.150 350. 33.60 4.33 
1000. 47.0 4.25 44477 9520 4.80 300. 128.9 1.164 400. 33.70 4.35 
1200. 527 4.77 400. 98.3 4.96 500. 139.9 1.263 500. 3210 4.40 
1400. 58.0 9.25 600. 107.2 5.41 700. 150.8 1.361 700. 35.78 4.62 
1600. 63.0 5:70 800. 116.2 5.86 750. 15.5 1.386 
Тт E 
11 Carbon, graphite ae Alundum cement 
р, > h Fused silica 
28 pin ohms-cm ——————— ори 4 
°С P, Po 10m. — . “С = megohms-cm °С | on 1 
— 200. 2.60 .199 Carbon Graphite 15. > 200,000,000. 20. >9Х10% 
--100. 257 .580 0. 0035 .00080 230. 20,000,000. 800. 30800. 
0. 13:05 1.00 500. .0027 .00083 300. 200,000. 900. 13600. 
200. 20.30 1255 1000. .0021 .00087 350 30,000. 1000. 7 600. 
2905. 22200 1.69 1500. .0015 ,00090 450. RAO, 1100. 6500. 
235. 47.60 3:09 2000. 0011 .00100 700. 30. 1200. 2300. 


750 “0122 4.69 2500. .0009 .0011 850. about 20. 1600. 19D. 


| Diamond 10300, p > 107: 1380", 75 x 105. 





TABLE 399.—SUPERCONDUCTIVITY OF SOME METALS '*5 


Metal ТК Metal ТК Metal тек 





TN RE а 9.22 ШЕ... 3.38 О... РЕС 75 
БЕК fetu c MEN 2 ВВ еа 21977 Оз Т S 
Е eis ја ІН а 2.4 КАКОС ЛД .54* 
D 4.4 TOE e 132 E MB... 54 
о 4.3 еее. 1.15 Тр о... О 531 
LEER. „о 4.15 Е. Ta Ви... ... Т 47 
о Es. EE. 2271 ЖЕ... or НГ... 35 
M5 Smith, Thomas S., Ohio State University, private communication. 
NM: J. G., and Smith, T. S. t Daunt, J. G., and Heer, C. V., Phys. Rev., vol. 76, pp. 719 and 


TABLE 400.—SUPERCONDUCTIVITY OF SOME ALLOYS AND COMPOUNDS” 


NDC s. 101°K Раш” SFK ВБ ue 41°КУ МЕ TRR 205° К 
JEN 1. 9.2 МОС. м. 7.7 ее > 3.8 Ай; В: р 1.84 
Pb-As-Bi .. 9.0 NPb, OM. 72 В. 2.82 CS a 1.6 
Pb-Bi-Sb .. 8.9 Ви: .. 9. 6,5 Wee Los TN 2.8 TIN № 1.4 
Pb-Sn-Bi 8.5 ӘБИ 2955 5 5 Месо... 2.4 МИ C 15 
Таз 777 4.2 ие 1.1 





us Smith, G. H., and Wilhelm, J. O., Rev. Mod. Phys., vol. 7, p. 240, 1935. 
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TABLE 401.—VOLUME AND SURFACE RESISTANCE OF SOLID DIELECTRICS 


The resistance between two conductors insulated by a solid dielectric depends both upon 
the surface resistance and the volume resistance of the insulator. The volume resistivity, р, 
is the resistance between two opposite faces of a centimeter cube. The suríace resistivity, 
g, is the resistance between two opposite edges of a centimeter square of the surface. The 
surface resistivity usually varies through a wide range with the humidity. 


; megohms c; megohms c; megohms p 
Material 50% humidity 70% humidity 90% humidity Megohm-cm 
а 6х 10% 201107 110° 5x107 
БЕ ах Уе ан с ох 6х 10° эх 210° 
КЛИО пе] МИРИНА ЕК у. ы e SE Te i 5-0 210" 2»x 10 2» 10! 
ВВ Сита бе а 2x10; 3x10? 2X10 5X10 
ее ТІ 5 10 6X10 2x10 аж ИУ 
Шаға 22... 4x 10? 4x10? 15610" 8x 10° 
ЕП Шкиррер пем22............. 3x 10° 110" 2 To ND 
lou NN а ee s ER FA EVE 5»c10* 110 3x10 2x10 
Rivotinsky cement осе се се он. 7Ж 10° STO 5x10 2X10? 
Macphie аа ое сена зто 2 1008 2x10 1х 10° 
Mica СООСУ ЕЕ ee 2 10! 4x 10^ 8x10? Я сит" 
Барашша рагомахк) (сасе неке: 9 10° ях 10? 6х 10° 1x0" 
Doscolum-unslazed ан... 6x 105 7x10? 5x10 OI 
MB [fused 25 Er > 20" ТІКЕ 5x07 
EOE. oa ПК а 6x10 3X10 2x10* 5x192 
сее мах о. 2x10? 6x10 9x 10° 8x 10 
SRM ole e rere RN e ox 10) эх 7x10? ТАСЫ 
SUELE cU ара TET dd 9x 10 22710 1x10 1x107 
ӨЧЕ И с ЧОО е a DA e 7х 10° 4x 10? 1x10* {x107 
Wood, paraffined mahogany ........ 4x 10° 5x 7X 10° 4x 10° 


TABLE 402.—ELECTRICAL RESISTIVITY OF SOME OXIDES AND 
MISCELLANEOUS MINERALS * 


Resistivity Resistivity 


Material ohm-cm Material ohm-cm 
Graphite, commercial Г оС A TEN STi 
electrodes (density = 1.5)  .001-.0013 PbO, synthetics... 000092 
Hematite, Fe:Oa, mineral.. .35-.7 MnO, зупећес .......... 6 
Iron, metallic, meteoric ... 2.41-3.2X6 ^? ЗО osos eom EE .00045 
КӨ 5а, риге... 10-10! Ое УКЕ 2x 10 
НЕР... 10? 


* For reference, see footnote 45, p. 136. 


TABLE 403.—ELECTRICAL RESISTIVITY OF ROCKS AND SOILS #* 


Resistivity | Resistivity 
Igneous rocks ohm-cm Sedimentary rocks ohm-cm 
а о erae 10-10% Limestone нин очни и: 10% 
Lava flow (basic) ........... 102-10* Limestone, Cambrian ....... 10*-10° 
Lava fresh veri vero T 3x10 10° Sandstone, eastern eraren en: 3х 10510“ 
Quartz vein, massive ........ > 10° Sandstone a О с... 10° 
йл оле КО 05. 10° 
Resistivity 
Metamorphic rocks ohm-cm Resistivity 
Marble, white .............. 1019 Unconsolidated materials ohm-cm 
МАМЕ e 4x 10* Сї ше S Eo 2X 10° 
Marble, yellow ............. 10% Clavey earth и 10:-45410% 
іне mica он «не 107 IERTE oe ЖО. 2x10 
Shaler Nonesuc DE 5% 10‘ Иа ji 
Shale, ђеа ................. 105 Рае ау с. а 102-104 
База то е 105-106 





* For reference, see footnote 45, p. 136. 
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TABLE 404.—RESISTIVITY OF SOILS AND SEA WATER MEASURED WITH 
HIGH-FREQUENCY ALTERNATING CURRENT * 


Frequency Resistivity Frequency  Resistivity 


Material kilocycles/sec ohm/cm Material kilocycles/sec ohm/cm 
Soil, very dry .. 1 to 10,000 10° ау гу es cs oe 37,000 60,000 
Topsoil, dry .... 37,000 7,000 Chalk 

(moisture, 24%) 100 33,000 
1,200 22,000 
10,000 14,000 
Loam, dark Sea water ...... 100 21 
(moisture, 60%) 100 2,600 1,200 21 
1,200 2,300 10,000 16.5 
10,000 1,500 


* For reference, see footnote 45, p. 136. 


TABLE 405.—ELECTRICAL RESISTIVITY OF NATURAL WATERS * 


Resistivity Resistivity 
Material ohm-cm Material ohm-cm 
Very fresh distilled waters ...... 2710! Potable ground waters ......... 10*-105 
BE iters ао. 500 Surlace waters м 105 


* For reference, see footnote 45, p. 136. 


TABLE 406.—RESISTIVITY OF SOME GLASSES AT THREE 


TEMPERATURES “” 
Log 10 
Volume resistivity 
(ohm-cm) 
M 
Glass Principal use Density 25°C 250°C 350°C 
Potash soda lead ...... Lamp tubing 2.85 17.+ 8.9 7.0 
Баса o Lamp bulbs 2.47 12.4 6.4 5.1 
Potash soda lead .... Lamp tubing 3.05 17.- 10.1 8.0 
Had Lime а... Cooking utensils 2.53 ИЕ 11.4 9.4 
ОГО сасе ........... Kovar sealing 2.28 17, 9.2 7.4 
Borosilicate, ;.. cvs Low loss electrical 2.13 17.+ 11.2 9.1 
Воговїпса{е ........... Baking ware 2.24 15. 8.2 6.7 
БУА К ОЛ Ут уу. м General 22120 15. 8.1 6.6 
МА еа, Low expansion ultra- 
violet transmission 2.18 17.+ 112 9.2 
Fused quartz ни 2.20 10.48 


17 Corning Glass Co. publication, Properties of selected commercial glasses, 1949. General Electric 
Co. publication, Fused quartz, 1947. 
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TABLE 407.—CONDUCTIVITY OF ELECTROLYTIC SOLUTIONS 


In these tables m represents the number of gram molecules to the liter of water in the 
solution for which the conductivities are tabulated. The conductivities were obtained by 
measuring the resistance of a cell filled with the solution by means of a Wheatstone bridge 
alternating current and telephone arrangement. The results are for 18°C, and relative to 
mercury at 0° C, the cell having been standardized by filling with mercury and measuring 
the resistance. They are supposed to be accurate to within one percent of the true value. 

The tabular numbers were obtained from the measurements in the following manner : 

Let Kıs = conductivity of the solution at 18°C relative to mercury at 0°C. 

К^, = conductivity of the solvent water at 18°C relative to mercury at 0°C. 
Then Kis — K “is = kis = conductivity of the electrolyte in the solution measured. 
fe и = conductivity of the electrolyte in the solution per molecule, or the 


"specific molecular conductivity." 


Part 1—Value of k,, for a few electrolytes 


This short table illustrates the apparent law that the conductivity in very dilute solutions 
is proportional to the amount of salt dissolved. 





m KCI NaCl AgNO, KC,H,0, К,50, MgSO, 
.00001 1210 1.024 1 080 939 1,275 1.056 
„00002 2.434 2.056 2.146 1.886 2:992 2.104 
.00006 7.200 6.162 6.462 5.610 7.524 6.216 


.0001 12.09 10.29 10.78 9.34 12.49 10.34 


Part 2.—Electrochemical equivalents and normal solutions 


The following table of the electrochemical equivalent numbers and the densities oi ap- 
proximately normal solutions of the salts quoted in Table 499 may be convenient. They 
represent g per cm? of the solution at the temperature given. 


Temp. Temp. 

Salt dissolved gperl m °С Density Salt disso!ved g per 1 m °С Density 
OOP hese 74.59 1.0 15.2 1.0457 К,50, ..... 87.16 1.0 18.9 1.0658 
ПИЕ o 53.55 1.0009 18.6 1.0152 INa;SO, .... 71.09 1.0003 18.6 1.0602 
Шаа 2... 58.50 1.0 18.4 1.0391 АРА 2. 55.09 1.0007 186 1.0445 
Tesi 42.48 1.0 18.4 1.0227 AMgSO, .... 60.17 1.0023 186 1.0573 
ABaCh ...... 104.0 1.0 18.6 1.0888 ПОО 2... 80.58 1.0 5.3 1.0794 
ЈАТО ...... 68.0 1.012 15.0 1.0592 BCuso ..... 79.9 1.001 18.2 1.0776 

ДЕ... 165.9 10 18.6 1.1183 4K:CO; ..... 69.17 1.0006 18.3 1.0576 
КАО, ...... 101.17 1.0 18.6 1.0601 4Na:CO: .... 53.04 1.0 17.9 1.0517 
NaNO; ..... 85.08 1.0 18.7 1.0542 КО... 56.27 1.0025 18.8 1.0477 
АХО: 22... 169.9 1.0 --- -- НОС... 35.51 1.0041 18.6 1.0161 
ЗВа(ХОз): .. 65.28 .5 --- -— НО... 6313 1.0014 18.6 1.0318 
ROI, 22... 61.29 .5 18.3 1.0367 Но. ..... 49.06 1.0006 18.9 1.0300 
KC;H;O, ... 98.18 1.0005 18.6 1.0467 


TABLE 408.—TEMPERATURE COEFFICIENTS OF CONDUCTIVITY 


The temperature coefficient in general diminishes with dilution, and for very dilute solu- 
tions appears to approach a common value. The following table gives the temperature 
coefficient for solutions containing 0.01 gram molecule of the salt. 


Temp. Temp. Temp. Temo. 
Salt coeft. Salt coeff. Salt coeff. Salt coeff. 
6 27. 2 КГ ee 0219 4KSO, .... 2922 4$K-CO: .... 0249 
NH.Cl ..... 0226 КМО, ..... 0216 3Ха,50О,... 02400 4М№а,СО, ... .0265 
Na а. 0238 МаХО., .... 022 314,50. .... .0242 КОНЕ 0194 
IC NE (27 ME у... (221 1М:50,.. (0) HER s di 
)BaCh ..... 0238 АВа(ХО.).. 0224 37150. .... 024 (еб 0125 
ап. као. s 0219 — 1CuSO. .... 0229  in,sO. (| T 
4MgCla .... .0241 KC;HiO, ... .0229 == == Ash D 
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TABLE 409.—SPECIFIC MOLECULAR CONDUCTIVITY OF SOLUTIONS 
Mercury — 10*/(ohm-cm) 


Salt dissolved m — 10 
SEES Gk ca wedi oan — 
EXEC T TIS — 
IK] eU -- 
PEREGIT 222220 - 
Ke DM ЕИ — 
Ip ce .... = 
Hoi er eee... = 
3 Ва№,О, Ее вее а аа = 
$Си50. о = 
AgNO; ЖТ = 
12150, е == 
iMgSO, EIC M. ат 
1Na:SO, PUTATE T aA == 
1Zufllb рани ка 60 
IID rt — 
NaNO; ЖОО узт e — 
КО... о... 30 
1Na:CO; еее — 
Vioc MM —.. 660 
КВИН. и. сам књ 5 
Inl] Jc PEE m 600 
И. 610 
E EO таи 148 
О 423 
ПИН co e ro 5 

Salt dissolved 006 
О... 1130 
КО A E E 1162 
Е 1176 
МЕНЕЕ аи ев 1157 
БО uses ym 1140 
ppd CU Vr. 1031 
CU аа. 1068 
|| SEUNG © Fa ee 982 
SO a ee 740 
еа. 1033 
НЕН н 744 
BS E ee ser 7/3 
1Ха:5 ОО, Е E 933 
ТИНЕ rre ав 939 
ТА УЕ ое 976 
Мако. зоббообассоосвсов 921 
КЕКЕ и 891 
АСПАЗ СО), 17 956 
PILLS S. V TOR 3001 
eO e 170 
НЄ rU 3438 
ЕО a 3421 
РО с 2 ао 858 
КН... 2141 
ПИ сале ата и а 116 


‚002 


1181 
1185 
1197 
1180 
1173 


1074 
1091 
1033 

873 
1057 


861 
881 
980 
979 
998 


942 
913 
1010 
3240 
283 


3455 
3448 
945 
2140 
190 


3 
827 
900 


825 
3/2 


487 


150 
448 
146 
151 
280 
528 
430 
381 
254 


1560 
52 


2010 
2070 
170 
1314 
3.3 


.001 


1207 
1193 
1203 
1190 
1180 


1092 
1101 
1054 

950 
1068 


919 
935 
998 
994 
1008 


952 
919 
1037 
3316 
380 


3455 
3427 
968 
2110 
260 


1 
919 
968 


907 
752 


658 


241 
635 
249 
270 
475 


514 
695 


617 
594 
427 
1820 
12 


2780 
2770 
200 
1718 
8.4 


.0006 
1220 
1199 
1209 
1197 
1190 


1102 
1109 
1066 

987 
1069 


953 
967 
1009 
1004 
1014 


956 
222 
1046 
3342 
470 


3440 
3408 
977 
2074 
330 


* Acids and alkaline salts show peculiar irregularities. 
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ТО 


672 
958 
907 
948 
839 


725 
799 
531 
288 
728 


302 
330 
950 
601 
757 


694 
671 
510 
1899 
19 


3017 
2991 
250 
1841 
1 


.0002 


1241 
1209 
1214 
1204 
1199 


1118 
1119 
1084 
1039 
1077 


1001 
1015 
1026 
1020 
1018 


966 
933 
988 
3280 
796 


3340 
3285 
920 
1892 
500 


“1 


736 
1047 
1069 
1035 

983 


961 
927 
755 
424 
886 


431 
474 
734 
768 
865 


817 
784 
682 
2084 
43 


3244 
3225 
430 
1986 
31 


.0001 
1249 
1209 
1216 
1209 
1207 


1126 
1127 
1096 
1062 
1078 


1023 
1034 
1034 
1029 
1029 


975 
934 
874 
3118 
995 


3170 
3088 
837 
1689 
610 


205 


897 
1083 
1102 
1078 
1037 


904 
(976) 
828 
479 
936 


500 
552 
784 
817 
897 


855 
820 
51 
2343 
62 


3330 
3289 
540 
2045 
43 


.00006 


1254 
1212 
1216 
1215 
1220 


1133 
1126 
1100 
1074 
1077 


1032 
1036 
1038 
1031 
1027 


970 


790 
2927 
11533 


2968 
2863 
746 
1474 
690 


‚03 

959 
1107 
1123 
1101 
1067 


939 
1006 
(870) 


(966) 


556 
587 
828 
851 
(920) 


877 
841 
799 
2515 
79 


3369 
3328 


2078 
50 


.00002 


1266 
1217 
1216 
1209 
1198 


1144 
1135 
1114 
1084 
1073 


1047 
1052 
1056 
1035 
1028 


072 
943 
715 
2077 
1328 


2057 
1904 
497 
845 
700 


‚01 
1098 
1147 
1161 
1142 
1122 


1006 
1053 
951 
675 
1017 


685 
715 


915 
962 


907 
879 
899 
2855 
1957 


3416 
3395 
790 
2124 
92 


.00001 


1273 
1216 
1207 
1205 
1215 


1142 
1141 
1114 
1086 
1080 


1060 
1056 
1054 
1036 
1024 


975 

939 

697* 
1413* 
1304* 


1254* 
1144* 
402* 
747* 
560* 
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TABLE 410.—LIMITING VALUES OF u, THE SPECIFIC MOLECULAR 
CONDUCTIVITY 


This table shows limiting values of u E. for infinite dilution for neutral salts, cal- 


culated from Table 409. 


Salt u Salt u 
4K,SO, Кес: 1280 I BaCl; ..... 1150 
К 1220 4KCIO; 1150 
ES oss 1220 3ВаМ.О‹ 1120 
ТІРІСІ: 2222. 1210 4CuSO, 1100 
KNO а. 1210 АРЫС 2206 1090 


Salt u Salt 
1MgSO, =. = 1080 68,50, 
1Ха:5О, 2... 1060 НСІ ооооо 
Св... 1040 HNO; .... 
МАША... 1030 4H3PO, 
Мамо... 980 КОНЕ ee 
К.С.Н:О. 940 АХа:СОз 


.. 


... 1400 





TABLE 411.—THE EQUIVALENT CONDUCTIVITY OF THE SEPARATE IONS 





Ion 0°C 
EE M ev o ee in 40.4 
Ман 26 
DUE Los MEER us 40.2 
AM ca Cie: 32.9 
Ва. 33 
Dea NES ss es 30 
ENS NET eere 95 
Шыман 5 S ES. s 41.1 
DNE ес. 40.4 
CHO: «е э эө ә ө ө өе «ә а е 20.3 
ISO. EE ...... 41 
СО. И... 39 
НО а. 36 
Ре) л, 58 
П. о ИО lol 240 
ЫН Ж.Т... 105 


189 
64.6 
43.5 
64.5 
54.3 
DR 
51° 
61 


65.5 
61.7 
34.6 
68: 
б3° 
60 
95 


314 
172 


257 50° 75° 100° 
74.5 115 159 206 
50.9 82 116 155 
745 1l; 159 207 
63.5 101 143 188 
65 104 149 200 
60 98 142 191 
72 119 173 295 
75.9 110 160 207 
70.6 104 140 178 
40.8 67 96 130 
79 125 177 234 
73 115 163 213 
70 113 161 214 
111 173 244 321 
350 465 565 644 
102 284 360 439 


1287 
263 
203 
264 
245 
262 
282 
312 


264 
2228 
171 
303 
2/9 


722 
525 


156° 
317 
249 
319 
299 
322 
312 
388 


318 
263 
211 
370 
336 


777 
592 


TABLE 412.——HYDROLYSIS OF AMMONIUM ACETATE AND IONIZATION OF 
WATER 


loniza- 
tion 
Tempera- Percentage constant 
ture hydrolysis of water 
t 100, Ку Х 104 
0°C — .089 
18 (225) .45 
25 — .82 





Hydrogen-ion 
concentration 
in pure water 
Equivalents 
per liter 


быш 


30 
68 
91 








Tempera- Percentage 


ture hydrolysis 
t 100, 
100*C 4.8 
156 18.6 
218 52.7 
306 91.5 





SMITHSONIAN PHYSICAL TABLES 


Ioniza- 
tion 

constant 

of water 


Ky X 10 
48. 
223: 


461. 
168. 


H ydrogen-ion 
concentration 
in pure water 
Equivalents 
per liter 


Cy X 107 
6.9 
14.9 


215 
13.0 


400 


TABLE 413.—THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS, AND BASES 
IN AQUEOUS SOLUTIONS 


In the following table the equivalent conductance is expressed in reciprocal ohms. The con- 
centration is expressed in milli-equivalents of solute per liter of solution at the temperature to 
which the conductance refers. (In the cases of potassium hydrogen sulfate and phosphoric acid 
the concentration is expressed in milli-formula-weights oí solute, KHSO, or H;PO,, per liter 
of solution, and the values are correspondingly the modal, or “formal, ” conductances.) Except 
in the cases of the strong acids the conductance of the water was substracted, and for sodium 
acetate, ammonium acetate and ammonium chloride the values have been corrected for the 
hydrolysis of the salts. 


. . £equivalents 
Concentration in 10001 


reciprocal ohm-cm 


Equivalent conductance in - T 
g equivalents per cm 


Equivalent conductance at the following °C temperatures 


ncen- = 
Substance ees 188 25 50° 75° 100° 128° 156° 218" 281° 306° 
Potassium chloridc... 0 130.1 w 1) (232.5) (321.5) 414 (51977625 825 ІП05 1120 
2 eee «| cme 120 1464 393 — 588 779 930 1008 
» СЕС 10 1224 1415 2152 2 295.2 2 377 470 560 741 874 910 
d TEn А 115.5 342 — 498 638 723 720 
i "x. IUE 1120 129.0 194.5 264.6 336 415 490 
Sodium chloride..... 0 109.0 — — — 362 -- 555 760 970 1080 
i Се. 2051056 — - — 349 — 534 722 B95 7955 
E LUE. 10 102.0 = = 22396 — 511 685 820 860 
E M IER. 80 93.5 = = — 301 — 450 500 674 680 
d n" E. 100 92.0 — - EDD -- 442 
Silver nitrate........ 0 1158 = — = — 570 780 965 1065 
| КЕ e ЖЕ 1122 = = — 353 — 6530 727 48777935 
% Ы” mM. 10 1080 — — — 337 — 507 673 790 818 
М ШЙ Luo. 20 105.1 = = -- 326 -- 488 639 
i НИ 5 40 101.3 = — — 312 -- 462 599 680 680 
d MEE EE 80 96.5 — — — 294 — 432 552 614 604 
T TE ЖАЙ 100 94.6 — -- -- 289 
Sodium acetate...... 0 78.1 — — -- 285 -- 450 660 -- 924 
МОЕ с 2 74.5 — = — 268 — 421 578 -- 801 
у рај 10 71:2 - - -- 253 — 306 542 -- 702 
» Re er. 80 63.4 = — — 221 -- 340 452 
Magnesium sulfate... 0 1141 — — — 426 — 690 1080 
Ж ШЫ сайы? 94.3 — — — 302 — 377 260 
у "de or 0 76.1 = — — 234 — 241 143 
7 ONE 20) 67.5 - — -- 190 -- 105 110 
£ 4, 40 59.3 — — -- 160 -- 158 88 
ir 80 52.0 — ЕЕ -- 136 -- 133 75 
“ i 100 49.8 -- — — 130 — 126 
$ iuc 2010) 43.1 = = — 110 — 109 
Ammonium chloride.. 0 1311 1520 — — (415) — (628) (841) — (1176) 
ji mu" 120.5. 14655 — — 399 — 601 801 -- 1031 
У; О INS 1417 — — 382 — 573 758 — 925 
= 2280017 1181 — - = 225 = = = — 828 
Ammonium acetate... 0 (99.8) — — — (338) — (523) 
B UEM 0 917 — — — 300 — 456 
N С >. 88.2 = — — 286 -- 426 
Barium nitrate....... 0 1169 — — — 385 — 600 840 1120 1300 
i P DUTIES 2 109.7 — — — 352 — 536 715 828 824 
$ aote 1 101.0 — — — 322 — 481 618 658 615 
E Ез 40 88.7 — — — 280 — 412 507 503 448 
P КИ 80 81.6 — — — 258 — 372 449 430 
EE o en 100 79.1 — == — 240 


(continued) 
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TABLE 413.—THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS, AND BASES 
IN AQUEOUS SOLUTIONS (concluded) 


Concen- 


Substance tration 


Potassium sulfate.... 7 


“ “ uu 10 


Postassium hydrogen 2 
SUIAtemem .... 


0) 

Ammonium 10 
hydroxide ....... 

100 


18° 
132.8 
124.8 
5:7 
104.2 

97.2 

95.0 
379.0 
373.6 
368.1 


365.0 
359.7 
346.4 
383.0 
955.9 
309.0 
2532 
2323 
455.3 
29575 
263.7 
338.3 
2831 


Equivalent conductance at the following °C temperatures 


o 


bo 
[94] 


C39 4» da > 
Roe 
И E 


385.0 
(429) 
390.8 
337.0 
273.0 
2512 
506.0 
318.3 
283.1 
376 
311.9 
222.0 
132.6 
104.0 


256 


2851 
204.2 
(271) 


3.62 


* These values are at the concentration 80.0. 
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© 
РІСЗІЛГІРІРІГІПІ АЫ 


AES 
ү И ШЕН 


570 
559 
548 
528 
516 
(591) 
501 
406 
323 
300 
661.0 
374.4 
329.1 
510 
401 
273 
157.8 
122.7 


389 
359 
342 
308 
291 


~ 
сл 
о 


649 
(746) 


СА 
о 
N 


СА № 1 69 09 4 Cn 
сә сл Ф Сл со сл со С 
— 4 Сә 3 © С Сл 


464 


Ras 
О бо 
Тее 


(520) 
4 


449 
399 
373 


(404) (526) 


c 


670 


100° 128° 156° 218° 
455 -- 715 1065 
402 — 605 806 
365 -- 537 672 
320 -- 455 545 
294 -- 415 482 
286 

850 -- 1085 1265 
826 -- 1048 1217 
807 -- 1016 1168 
762 -- 946 1044 
754 -- 929 1006 
826 945 1047 (1230) 
806 919 1012 1166 
786 893 978 

750 845 917 

728 817 880 — 
891 (1041) 1176 1505 
571 S36 563 
446 460 481 533 
384 417 448 502 
369 404 435 483 
784 773 754 

422 446 477 

375 402 435 

730 839 930 

498 508 489 

308 298 274 

168 158 142 

128 120 108 

(773) -- (980)(1165) 
25.1 — 222 147 
14.7 — 13.0 8.65 
9.05 — 800 5.34 
8.10 — — 482 
594 — 835 1000 
582 — 814 

959 — 771 930 
540 — 738 873 
645 (700) 847 

591 

548 664 722 

478 549 593 

443 503 531 
(647) (764) (908) (1141) 
23.2 — 22.3 15.6 
13.6 — 13.0 

7.47 — 717 482 


281° 306° 
1460 1725 
893 867 
687 637 
519 466 
448 396 


1380 1424 
1332 1337 
1226 1162 
1046 862 
— (1380 
— 1156 


— 454% 
— (2030) 
ШЕ 1057 


— 474% 


-- (1268) 


-- 1.57 


-- (1406) 


— 1.33 


402 


TABLE 414.—THE EQUIVALENT CONDUCTIVITY OF SOME ADDITIONAL 


SALTS IN AQUEOUS SOLUTION 


Concen- 
Substance tration 
Potassium nitrate EDO 2 
P. 4... 12.5 
E A ILLI. 50 
E E 100 
Potassium oxalate m р 
% EM E. 12:5 
P EU... 50 
A ли. 100 
i m Е. 200 
Calcium nitrate D. ED ^ 
х NL LESS 12.5 
и И... E. 50 
ч “T... ae 100 
У: А. 200 
Potassium ferrocyanide 0 
с “ И 2 
«‹ “ 12.5 
“ “ 50 
< “ 100 
“ “ 200 
dd i: . 400 
Barium ferrocyanide .... 5 
н = ШЕ... 7125 
Calcium ferrocyanide S р 
“ “ 12.5 
“ “ 50 
“ “ 100 
“ “ 200 
“ “ 400 
Potassium citrate ...... 0 
5 E ONIS. 0.5 
i Ее 2 
А ыт 5 
Ei He oS 12:5 
х т VENE 50 
Е EL oT 100 
5 и" 300 
Lanthanum nitrate — 5 
» О 77 12.5 
» umb tne 50 
^ v OD 100 
4 UE 525 200 
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0? 
80.8 
78.6 
75.3 
70.7 
07-2 
79.4 
74.9 
69.3 
63 
po 
55.8 
70.4 
66.5 
61.6 
55.6 
31:9 
48.3 
98.4 
91.6 
84.8 
71 
58.2 
39 
48.8 
45.4 
91 
46.9 
30.4 
88 
47.1 
912 
24,1 
210) 
20.6 
20.2 
76.4 
71 
67.6 
62.9 
54.4 
50.2 
43.5 
75.4 
68.9 
61.4 
54 
49.9 
46 





Equivalent conductance at the following °C temperature 


18° 

126.3 
1225 
Is 
109.7 
104.5 
127720 
119.9 
111.1 
101 


101.8 
87.8 
80.8 
69.8 

1227 

110.8 
98.5 
86.1 
79.4 
72.1 


25° 
145.1 
140.7 
134.9 
126.3 
1203 
147.5 
139.2 
1292 
11065 
109.5 
102.3 
130.6 
12377 
114.5 
102.6 

95.8 

88.8 
185.5 
171.1 
1559 


50° 
219 
2122 
202.9 
189.5 
180.2 
230 
215.9 
199,1 
178.6 
167 
155 
202 
191.9 
luos 
1572 
146.1 
135.4 
288 


243.8 


75 
299 
289.9 
276.4 
257.4 
244.1 
322 
300.2 
2751 
244.9 
2275 
210.9 
282 
266.7 
244 
216.2 
1927 
184.7 
403 


2292 
271 
219.5 
198.1 
180.6 
165.7 
О 
166.2 
107 
386 


100% 


384 

370.3 
351.5 
92021 
308.5 
419 

389.3 
354.1 
312.2 
288.9 
265.1 
369 

346.5 
314.6 
276.8 
255.5 
234.4 
527 


4276 
340 
272.4 
245 
2223 
203.1 
521 
202.5 
129.8 
512 


84.3 
75 


420 


381.2 
357.2 
326 
273 
247.5 
2095 


363.5 
311.2 
261.4 
236.7 
210.8 


128° 


485 

460.7 
435.4 
402.9 
379.5 
538 

4891 
438.8 
383.8 
2924 
3219 
474 

438.4 
394.5 
343 

315.1 
288 


534 

457.5 
383.4 
315.8 
282.5 
249.6 


156% 


580 

551 

520.4 
476.1 
447.3 
653 

587 

524.3 
449.5 
409.7 
372.1 
575 

529.8 
473.7 
405.1 
369.1 
334.7 


651 
549 
447.8 
357.7 
316.3 
276.2 


TABLE 415.—ELECTROCHEMICAL EQUIVALENTS 403 


Every gram-atom involved in an electrolytic change requires the same number of 
coulombs, or ampere-hours of electricity, per unit change of valency. This constant is 
96487.7 coulomb/g-atom, or 26.801 ampere-hours per g-atom hour, corresponding to an 
electrochemical equivalent of silver of 0.0011810 g sec'amp^. It is to be noted that 
the change of valence of the element from its state before to that after the electrolytic 
action should be considered. The valence of a free, uncombined element is to be considered 
аѕ 0. The same current will electrolyze "chemically equivalent" quantities per unit time. 
The valence is then included in the “chemically equivalent” quantity. 


Change of Mg per Coulombs G per 
Element valency coulomb per mg amp hour 
ec Sc tae eo RET 3 .09317 10.733 3354 
Cle cece Си 1 .36749 2 7212 1.3230 
Е КИ ENS ‚12250 8.1633 4410 
о. 5 .07350 13.605 .2646 
п 7 .05250 19.048 .1890 
GUN ыт 1 6585 1.5186 2.3706 
о т Я 2 .3293 3.0367 1.1855 
AU Е о 1 2.044 4892 7.358 
о М e 3 ‚6813 1,468 2.453 
FE а о. 1 0104472 95.719 „0376099 
В 1 2.1476 ‚46564 7.7314 
EE Ur гь 2 1.07379 93128 3.8656 
M CM ы ЕСЕ. ‚инь + „53690 1.8625 1.9328 
Ир ЖК е-е 1 2.0792 .48095 7.4851 
EET OE esses 2 1.0396 ‚961908 3.7426 
ПИО ОШ м... 1 ‚608628 1.6440 2.1898 
о... 2 .3041 3.2884 1.0948 
сы ес: 3 .20276 4.9319 .7299 
ОСЫ ры АСТА сы 2 .082914 12.0607 .298490 
т 4 041457 24.1214 14945 
Piae оло 2 1.01171 .98843 3.6422 
NC SERES oot 4 .50585 1.97687 1.82107 
СОИ. НА. б .33724 2.9652 1.2140 
р СИИИ... 1 .4052 2.4679 1.4587 
ABMS... IEEE ee ] 1.11810 .894374 4.02516 
ао... 1 23835 4,1955 ‚85806 
SECO ss eee co ee 2 61512 1.6257 2.2144 
Е Ш. - .30756 3.2514 1.1072 
А о ШОО? о си 2 33881 2.9515 1.21972 


The electrochemical equivalent for silver is 0.00111810 g sec"? атр”, For other elements 
the electrochemical equivalent — (atomic weight divided by change of valency) and this 
divided by 96487.7 coulomb/g-atom. 
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404 ТАВІ,Е5 416-428.—ELECTRICAL AND MECHANICAL 
CHARACTERISTICS OF WIRE 


TABLE 416.—INTRODUCTION TO WIRE TABLES; MASS AND VOLUME 
RESISTIVITY OF COPPER AND ALUMINUM 





The following wire tables are abridged from those prepared by the Bureau of Standards 
at the request and with the cooperation of the Standards Committee of the American 
Institute of Electrical Engineers. The standard of copper resistance used is "The Inter- 
national Annealed Copper Standard" as adopted September 5, 1913, by the International 
Electrotechnical Commission and represents the average commercial high-conductivity 
copper for the purpose of electric conductors. This standard corresponds to a conductivity 
of 58x 10-5 emu, and a density of 8.89, at 20°C. In the various units of mass resistivity and 
volume resistivity this may be stated as 


0.15328 ohm (m, g) at 20°C 
875.20 ohms (mi, Ib) at 20°C 
1.7241 microhm-cm at 20°C 

0.67879 microhm-in. at 20°C 
10.371 ohms (mil, ft) at 20°C 


The temperature coefficient for this particular resistivity is a2 = 0.00393, or ao = 0.00427. 
The temperature coefficient of copper is proportional to the conductivity, so that where the 
conductivity is known the temperature coefficient may be calculated, and vice versa. Thus 
the next table shows the temperature coefficients of copper having various percentages of 
the standard conductivity. A consequence of this relation is that the change of resistivity 
per degree is constant, independent of the sample of copper and independent of the tem- 
perature of reference. This resistivity-temperature constant, for volume resistivity and 
Centigrade degrees, is 0.00681 microhm-cm, and for mass resistivity is 0.000597 ohm (m, g). 

The density of 8.89 g per cm? at 20°C, is equivalent to 0.32117 Ib per in^ 

The values in the following tables are for annealed copper of standard resistivity. The 
user of the tables must apply the proper correction for copper of other resistivity. Hard- 
drawn copper may be taken as about 2.7 percent higher resistivity than annealed copper. 

The following is a fair average of the chemical content of commercial high conductivity 


copper : 


Copper ПЕ. 99.91% SPE о 002% 
Silver Е .03 Buon. oem .002 
КОхувеп 2. .052 Nickel 22006059 trace 
Arsenic esso .002 Lead и У 
Antimony ...... .002 ZINC 2. E m. i 
The following values are consistent with the data above: 

Conductivity at 0°C, in emus d TTD ТЕ 62.969 х 107 
Resistivity at 0°C, in mierolmsene 055 1.5881 
БШепейу АСОЗС-ек оо 8.90 
Coefficient of linear expansion per degree С........ .000017 
"Constant mass" temperature coefficient 

of resistance at OC л О р .00427 


The aluminum tables are based on a figure for the conductivity published by the National 
Bureau of Standards, which is the result of many thousands of determinations by the 
Aluminum Co. of America. A volume resistivity of 2.828 microhm-cm and a density of 
2.70 may be considered to be good average values for commercial hard-drawn aluminum. 
These values give: 


Conductivity at_0°C in emnt 7 38.36 X 1075 
Mass resistivity, in ohms (m; p) at 200€ ИТЕ .0764 
н i w D) at 20e 436. 
Mass percent conductivity relative to copper........ 200.7% 
Volume resistivity, in microhm-cm at 20°C ........ 2.828 
P 5 in nncrohm-insat20 22” 1.113 
Volume percent conductivity relative to copper...... 61.0% 
Density, руси 55202-22. T 2.70 
епу сате Пиза ви ата а слани ван он .0975 
The average chemical content of commercial aluminum wire is 
НЫН о ИН 99.57% 
ИНЕЛІ ‚29 
JUR. RET CRINE TITTEN. .14 
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TABLE 417.—TABULAR COMPARISON OF WIRE GAGES 405 


Birming- 
American American Stubs’ (British) уге 
wire gage wire gage Steel wire Steel wire steel wire standard gage 

Gage (B.&S.) (В. & 5.) gage f gage f gage wire gage — (Stubs") Gage 
No. mils * mm * mils mm mils mils mils No. 
7-0 4900 124 500. 7-0 
6-0 4615 117 464. 6-0 
5-0 4305 109 432. 5-0 
4-0 460. 11.7 393.8 10.0 400. 454. 4-0 
3-0 410. 10.4 362.5 9.2 3/2. 425. 3-0 
2-0 365. 9.3 3310 84 348. 380. 2-0 
0 229 8.3 306.5 7.8 324. 340. 0 

1 289. 7.9 283.0 7.2 227. 300. 300. 1 

2 258. 6.5 262.5 6.7 219, 276. 284, 2 

3 229. 5.8 243.7 6.2 2172. 292 259, 3 

4 204. 5.2 225.3 5.7 207. 2328 238. 4 

5 182. 4.6 207.0 53 204. 212: 220. 5 

6 162. 41 192,0 4.9 201. 192. 203. 6 

7 144. 37 177.0 4.5 199. 176. 180. 7 

8 128. 3.3 162.0 4.1 197. 160. 165. 8 

9 114. 2.91 148.3 377] 194. 144. 148. 9 
10 102. 2.59 135.0 3.43 191. 128. 134. 10 
11 91. 2.30 120.5 3.06 188. 116. 120. 11 
12 81. 2.05 105.5 268 185. 104. 109. 12 
13 72. 1.83 91.5 232 182. 92. 95. 13 
14 64. 1.63 80.0 2.03 180. 80. 83. 14 
15 57 1.45 72.0 1.83 178. 2 72. 15 
16 51. 1.29 62.5 1.59 175 64. 65. 16 
17 45. 1.15 54.0 1537 172: 56. 58. 17 
18 40. 1.02 47.5 1.21 168. 48. 49. 18 
19 36. ‚91 41.0 1.04 164. 40. 42. 19 
20 32: ‚81 34.8 ‚88 161. 36. 35) 20 
21 28.5 72 31.7 ‚81 157 52. 32. 21 
22 25.3 ‚62 28.6 23 155; 28. 28. 22 
25 22.6 57 258 .66 153. 24. 29. 29 
24 20.1 251 23.0 .58 151% 22/ 22. 24 
25 17.9 45 20.4 552 148. 20! 20. 25 
26 15.9 .40 18.1 .46 146. 18. 18. 26 
27 14.2 .36 17.3 .439 143. 16.4 16. 27 
28 12.6 32 16.2 411 139. 14.8 14. 28 
29 11.3 .29 15.0 381 134. 13.6 13! 29 
30 10.0 25 14.0 .356 127. 12.4 12: 30 
3l 8.9 5227 152 335 1205 11.6 10. 31 
22 8.0 ‚202 12.8 325 115. 10.8 9 32 
22 7.1 .180 11.8 .300 LIA 10.0 8 99 
34 6.3 .160 10.4 .264 110. 9,2 7 34 
35 5.6 143 0,5 241 108. 8.4 5 35 
36 5.0 2127 9.0 .229 106. 7.6 + 36 
37 4,5 .113 8.5 ‚216 103. 6.8 37 
38 4.0 ‚101 8,0 ‚203 101. 6.0 38 


“Тһе Атегісап wire gage sizes have been rounded off to the usual limits of commercial accuracy. 
They are given to four significant figures in Tables 420 to 423. They can be calculated with any 
desired accuracy, being based upon a simple mathematical law. The diameter of No. 0000 is defined as 
0.4600 inch and of No. 36 as 0.0050 inch. The ratio of any diameter to the diameter of the next 


39 
greater number :4600 1.1229322. 
.0050 





+ Тре steel wire gage is the same gage that has been known by the various names: “Washburn and 
Moen,” “Roebling,” "American Steel and Wire Co.'s." Its abbreviation should he written “Stl. W. G.” 
to distinguish it from ‘‘S. W. G.,” the usual abbreviation for the (British) Standard Wire Gage. 


(continued) 
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406 
TABLE 417. —TABULAR COMPARISON OF WIRE GAGES (concluded) 


Birming- 


American American Stubs' (British) ham wire 
wire gage wire gage Steel wire Steel wire steel wire standard gage 
Gage (B. & S.) (B. & S.) gage t gage T gage wire gage (Stubs’) Gage 
No. mils * mm * mils mm mils mils mils No. 
39 3.5 .090 7.5 .191 99. 5.2 39 
40 3.1 ‚080 7.0 178 97. 4,8 40 
41 6.6 ‚168 95. 44 41 
42 6.2 157 92. 4.0 42 
43 6.0 ‚152 88. 3.6 43 
44 5.8 ‚147 85. 3.2 44 
45 5.5 .140 81. 2.8 45 
46 5.2 ‚132 79. 2.4 46 
47 5.0 5124 77. 2.0 47 
48 4.8 2122 75: 1.6 48 
49 4.6 117 72. lez 49 
50 4.4 ‚112 69, 1.0 50 


TABLE 418.—TEMPERATURE COEFFICIENTS OF COPPER FOR DIFFERENT 
INITIAL TEMPERATURES (CENTIGRADE) AND DIFFERENT 
CONDUCTIVITIES 


Ohms 

(m, g) Percent 

at 20°C conductivity ао 415 а 20 Gos азо аво 
161 34 95% ‚004 03 ‚003 80 .003 73 .003 67 .003 60 003 36 
159 66 96% 004 08 ‚003 85 .003 77 .003 70 .003 64 .003 39 
.158 02 97% 004. 13 .003 89 .003 81 .003 74 .003 67 .003 42 
‚157 53 97.3% .004 14 .003 90 .003 82 .003 75 .003 68 .003 43 
.156 40 98% ‚004 17 ‚003 93 003 85 003 78 003 71 003 45 
154 82 99% 004. 22 .003 97 .003 89 .003 82 003 74 003 48 
.153 28 100% 044 27 004 01 .003 93 003 85 .003 78 003 52 
151 76 101% .004 31 .004 05 .003 97 .003 89 003 82 .003 55 


NoTE.— The fundamental relation between resistance and temperature is the following: 
Р, = кы + adult = Һр, 
where as, is the “temperature coefficient," and 4 is the "initial temperature" or "tempera- 
ture of reference." 

The values of a in the above table exhibit the fact that the temperature coefficient of 
copper is proportional to the conductivity. The table was calculated by means of the 
following formula, which holds for any percent conductivity, n, within commercial ranges, 
and for centigrade temperatures. ( is considered to be expressed decimally: e.g., if 
percent conductivity — 99 percent, » — 0.99. 


а == 1 


(600393) * (^ — 20) 
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Тетрег- 
аште, 
о 


С 
0 
5 
10 


11 
12 
13 


14 
15 
16 


17 
18 
19 


20 
21 
22 


23 
24 
25 


26 
27 
28 


29 
30 
35 


40 
45 
50 


55 
60 
65 


70 
75 


TABLE 419.—REDUCTION OF OBSERVATIONS TO STANDARD 


TEMPERATURE (Copper) 


Corrections to reduce resistivity to 20*C 


Ohm (m, g) 
+.011 94 
+.008 96 
+.005 97 


+.605 37 
+.004 78 
+.004 18 


+.003 58 
+.002 99 
+.002 39 


+.001 79 
+.001 19 
4-.000 60 


0 
--.000 60 
—.001 19 


—.001 79 
—.002 39 
—.002 99 


—.003 58 
—.004 18 
—.004 78 


—.005 37 
—.005 97 
—.008 96 


—.011 94 
—.014 93 
—.017 92 


—.020 90 
—.023 89 
— 026 87 


—.029 86 
—.032 85 


Microhm— 
cm 


+.1361 
+.1021 
+.0681 


4-.0612 
+.0544 
+.0476 


-К.0408 
+.0340 
+.0272 


+.0204 
+.0136 
+.0068 


0 
—.0068 
—.0136 


—.0204 
—.0272 
—.0340 


—.0408 
—.0476 
—.0544 


—.0612 
—.0681 
—.1021 


—.1361 
—.1701 
—.2042 


—.2382 
—.2722 
—.3062 


— 3403 
—.3743 
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Ohm 
(mi, Ib) 


| 
єс» 
<> 
| 


Microhm— 
in. 
+.053 58 
+.040 18 
+.026 79 


+.024 11 
+.021 43 
+.018 75 


+.016 07 
+.013 40 
+.010 72 


-L.008 04 
4-.005 36 
4-.002 68 


0 
—.002 68 
—.005 36 


—.008 04 
—.010 72 
—.013 40 


—.016 07 
—.018 75 
—.021 43 


—.024 11 
—.026 79 
—.040 18 


—.053 58 
—.066 98 
—.080 37 


—.093 76 
—.107 16 
—.120 56 


—.133 95 
—.147 34 


Factors to reduce 
resistance to 20*C 


For 96 
percent 
conduc- 

tivity 

1.0816 
1.0600 
1.0392 


1.0352 
1.0311 
1.0271 


1.0232 
1.0192 
1.0153 


1.0114 
1.0076 
1.0038 


1.0000 
‚9962 
‚9925 


.888 
.9851 
.9815 


.9779 
.9743 
,9707 


.9672 
.9636 
.9464 


.9298 
.9138 
.8983 


8833 
.8689 
.8549 


.8413 
.8281 


For 98 
percent 


conduc- 


tivity 
1.0834 
1.0613 
1.0401 


1.0359 
1.0318 
1.0277 


120297 
1.0196 
1.0156 


1.0117 
1.0078 
1.0039 


1.0000 
.9962 
.9924 


.9886 
.9848 
9811 


0774 
9737 
.9701 


.9665 
.9629 
‚9454 


.9285 
9122 
‚8964 


‚8812 
‚8665 
‚28523 


8385 
‚28252 


Еог 100 
percent 
conduc- 
tivity 
1.0853 
1.0626 
1.0409 


1.0367 
1.0325 
1.0283 


1.0242 
1.0200 
1.0160 


1.0119 
1.0079 
1.0039 


1.0000 
.9961 
.9922 


.9883 
.9845 
.9807 


.9770 
.9732 
‚9695 


0658 
9622 
‚9443 


0271 
.9105 
.8945 


.879] 
.8642 
.8497 


.8358 
.8223 


407 


Temper- 
ature, 
о 


10 
11 
13 
14 
15 
16 
17 
19 
20 
22 
23 
25 
26 
28 
29 
35 
40 
50 
55 
65 


70 
75 


TABLE 420.—WIRE TABLE, STANDARD ANNEALED COPPER 
American wire gage (B. & S.) 


a nS aia 
Ohms per 1000 ft 


408 


Diameter 


Cross section at 20°C 


; i i Б 5 50°С 2C 
NE i AC Circular mils in.? (325 P) (--68 7 Е) (= 122°Е} (= 167°Е) 
0000 460.0 211 600. ‚1662 .045 16 .049 01 .054 79 059 61 
000 409.6 167 800. 1318 .056 95 .061 80 .069 09 .075 16 
00 364.8 133 100. .1045 .071 81 .077 93 .087 12 094 78 
0 324.9 105 500. .082 89 .090 55 .098 27 .1099 .1195 
1 2893 83 690. .065 73 .1142 ‚1239 ‚1385 ‚1507 
27 2576 66 370. 052 15 ‚1440 ‚1563 1747 ‚1900 
3 2294 52 640. .041 34 .1816 .1970 .2203 .2396 
4 2043 4] 740. .032 78 .2280 .2485 2778 .3022 
5 18119 33 100. .026 00 .2887 2133 13502 .3810 
6 162.0 26 250. .020 62 .3640 .3951 .4416 .4805 
7 1443 20 820. .016 35 .4590 .4982 .5569 .6059 
8 128.5 16 510. .012 97 .5788 .6282 .7023 .7640 
9 114.4 13 090. .010 28 .7299 .7921 .8855 .9633 
10 101.9 10 380. .008 155 .9203 .9980 1.117 1:2 15 
1 90.74 8234. .006 467 1.161 1.260 1.408 1.532 
12 8081 6530. .005 129 1.463 1.588 1.775 1.931 
I3 71.96 5178. .004 067 1.845 2.003 2.230 2.436 
14 64.08 4107. .003 225 2/327 2.395 2523 3.071 
15 57.07 3257. .002 558 2.934 3.184 3.560 3.873 
16 50.82 2583. .002 028 3.700 4.016 4.489 4.884 
17 45.26 2048. .001 609 4.666 5.064 5.660 6.158 
18 40.30 1624. .001 276 5.883 6.385 7.138 7.765 
19 35.89 1288. .001 012 7.418 8.051 9.001 9.702 
20 31.96 1022. .000 802 3 9:395 10.15 11.35 12.35 
21 28.45 810.1 .000 636 3 11.80 12.80 14.31 1557] 
22 29.09 642.4 .000 504 6 14.87 16.14 18.05 19.63 
22 2А 5А 509.5 .000 400 2 18.76 20.36 22.76 24.76 
24 20.10 404.0 .000 317 3 23.65 25.67 28.70 3122 
25 17.90 320.4 .000 251 7 29.82 3237 36.18 39.36 
26 15.04 254.1 000 1996 37.61 40.81 45.63 49.64 
27 14,20 201.5 .000 158 3 47.42 51.47 57.53 62.59 
28 12.64 159.8 .000 1255 59,80 64.90 72.55 78.93 
29 11.26 126.7 .000 099 53 75.40 81.83 91.48 99.52 
30 10.03 100.5 .000 078 94 95.08 103.2 115.4 125.5 
31 8.928 7970 .00006260 119.9 130.1 145.5 158.2 
32 7.950 63.21 .000 04964 1512 164.1 183.4 199.5 
33 7.080 50.13 .00003937 190.6 206.9 231.3 251.6 
34 6.305 39.75 .000 03122 240.4 260.9 291.7 317.3 
35 5.615 31.52  .00002476 3031 329.0 367.8 400.1 
36 5.000 25.00 .00001964 3822 414.8 463.7 504.5 
37 4.453 19.83 .00001557 4820 5231 584.8 636.2 
38 3.965 15.72 .00001235 607.8 659.6 737.4 802.2 
39 3.531 12.47 .000 009 793 766.4 831.8 929.8 1012. 
40 3.145 9.888 .000 007 766 966.5 1049. 1170 1276. 


(continued) 
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TABLE 420.—WIRE TABLE, STANDARD ANNEALED COPPER (continued) 
American wire gage (B. & S.) 


Diameter 
Gage in mils. 
о. at 20°C 
0000 460.0 
000 409.6 
00 364.8 
0 324.9 
1 289.3 
2. 2570 
3 2294 
4 2043 
5 181.9 
6 162.0 
7 1443 
8 128.5 
0 114.4 
10 101.9 
11 90.74 
12 80.81 
13 71.96 
14 64.08 
15 57.07 
16 50.82 
17 45.26 
18 40.30 
19 35,89 
20 31.96 
21 28.46 
22 25.35 
23 22.9/ 
24 20.10 
25 17.90 
26 15.94 
27 14.20 
28 12.64 
20 11.26 
30 10.03 
3l 8.928 
32 7.950 
33 7.080 
34 6.305 
oo 5615 
36 5.000 
37 4,453 
38 3.965 
39 3.531 
40 3.145 


ІЬ/ (1000 ҒО 


640.5 
507.9 
402.8 


319.5 
253.3 
200.9 


159.3 
126.4 
100.2 


79.46 
63.02 
49.98 


39.63 
31.43 
24.92 


19.77 
15.68 
12.43 


9,858 
7.818 
6.200 


4.917 
3.899 
3.092 


2.452 
1.945 
1.542 


15223 
.9699 
.7692 


‚6100 
4837 
.3836 


.3042 
.2413 
1913 


1517 
‚1203 
095 42 


.075 68 
.060 01 
.047 59 


.037 74 
.029 93 
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ft/lb 
1.561 
1.968 
2.482 


3.130 
3.947 
4.977 


6.276 
7.914 
9.980 


12.58 
15.87 
20.01 


2523 
31.82 
40.12 


50.59 
63.80 
80.44 


101.4 
127.9 
161.3 


203.4 
256.5 
323.4 


407.8 
514.2 
648.4 


817.7 
1031. 
1300. 


1639. 
2067. 
2607. 


3287. 
4145. 
5227. 


6591. 
8310 
10 480. 


13 210. 
16 660. 
21 010. 


26 500. 
33 410. 


(= 32°F) 
22 140. 
17 560. 
13 930. 


11 040. 
8758. 
6946. 


5508. 
4368. 
3464. 


2747. 
2179. 
1728. 


1370. 
1087. 
861.7 


683.3 
541.9 
429.8 


340.8 
270.3 
214.3 


170.0 
134.8 
106.9 


84.78 
67.23 
25:32 


42.28 
33.53 
26.59 


21.09 
16.72 
13.26 


10.52 
8.341 
6.614 


5.245 
4.160 
5,299 


2.616 
2.075 
1.645 


1.305 
1.035 


(continued) 


{t/ohm 


20°C 
(= 68°F) 
20 400. 
16 180. 
12 830. 


10 180. 
8070. 
6400. 


5075. 
4025. 
3192 


2531. 
2007. 
1592. 


1262. 
1001. 
794.0 


629.6 
499.3 
396.0 


314.0 
249.0 
1925 


156.6 
124.2 
98.50 


78.11 
61.95 
49,13 


38.96 
30.90 
24.50 


19.43 
15.41 
12/22 


9.691 
7.685 
6.005 


4.833 
3.833 
3.040 


2.411 
1.912 
1.516 


1.202 
.9534 


o 


50°С 
(Е 12278) 


18 250. 
14 470. 
11 480. 


9103. 
7219. 
5725 


4540. 
3600. 
2855 


2264. 
1796. 
1424. 


1129. 
895.6 
710.2 


563.2 
446.7 
354.2 


280.9 
222.8 
176.7 


140.1 
111.1 
88.11 


69.87 
55.41 
43.94 


34.85 
27.64 
21:92 


17.38 
13.78 
10.93 


8.669 
6.875 
5.452 


4.323 
3.429 
2.719 


2.156 
1.710 
1.356 


1.075 
8529 


Алы 
(= 167 'Е) 
16 780. 

13 300. 
10 550. 


8367. 
6636. 
5262. 


4173. 
3309. 
2625: 


2081. 
1651. 
1309. 


1038. 
823.2 
652.8 


517.7 
410.6 
325.6 


2582 
204.8 
162,4 


128.8 
102.1 
80.99 


64.23 
50.94 
40.39 


32.03 
25.40 
20.15 


15.98 
12.67 
10.05 


7.968 
6.319 
5.011 


3.974 
3152 
2.499 


1.982 
15572 
1.247 


0886 
.7840 


410 


Gage 
No. 
0000 

000 


оо ме лсо NWO 


Diameter 
in mils. 
at 20°C 
460.0 
409.6 
364.8 


324.9 
289.3 
257.6 


229.4 
204.3 
181.9 


162.0 
144.3 
128.5 


114.4 
101.9 
90.74 


80.81 
71.96 
64.08 


57.07 
50.82 
45.26 


40.30 
35.69 
31.96 


28.46 
23.95 
poo 


20.10 
17.90 
15.94 


14.20 
12.64 
11.26 


10.03 
8.928 
7.950 


7.080 
6.305 
5.615 


5.000 
4.453 
3.965 


3-931 
3.145 


American wire gage (B. & S.). English units 


0%С 
(= 32-Е) 
.000 070 51 
.000 1121 
.000 1783 


.000 2835 
.000 4507 
.000 7166 


.001 140 
.001 812 
.002 881 


.004 581 
.007 284 
.011 58 


.018 42 
.029 28 
.046 56 


.074 04 


о 


LIZZ 


1872 


.2976 
4733 
7529 


I: 
I: 
3. 


197 
903 
025 
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1 
2 
3 


5 
8 
15 


20 
33 
53 


84 
134 
213 


ohm/Ib 


(= 68°F) 


.000 076 52 


.000 1217 
.000 1935 


.000 3076 
.000 4891 
.000 7778 


.001 237 
.001 966 
.003 127 


.004 972 
.007 905 
01257 


.019 99 
.031 78 
.050 53 


080 35 
.1278 
.2032 


.3230 
.5136 
‚8167 


‚299 


‚065 


.283 


1201 
301 
‚20 


.99 
7 
.06 


.37 
Z 
= 


3392 


539 


E 


857.6 


1364. 
2168. 
3448. 


5482. 
8717. 
13 860. 


22 040. 
35 040. 


0? 


{= 122°Е} 


.000 085 54 
.000 1360 
.000 2163 


.000 3439 
.000 5468 
.000 8695 


.001 383 
.002 198 
.003 495 


.005 558 
.008 838 
.014 05 


.022 34 
2033/59 
.056 49 


.089 83 
.1428 
2271 


561 
‚5742 
‚9130 


1. 
2. 
3. 


5. 


452 
308 
670 


836 


9.280 


14. 
29. 


76 
46 


37.31 
8022 


94.32 
150.0 
238.5 


379.2 
602.9 
058.7 


1524. 
2424. 
3854. 


6128. 
9744. 
15 490. 


24 640. 
39 170. 


TABLE 420.—WIRE TABLE, STANDARD ANNEALED COPPER (concluded) 


]b/ohm 


20%С 
(= 68°F) 


13 070. 


8219. 
5169. 


3251 
2044. 
1286. 


808.6 
508.5 
319.8 


201.1 
126.5 
79.55 


50.03 


31 


47 


19.79 


12.45 
7.827 
4.922 


3 
1. 
1. 


‚7700 
„4843 
3046 


.1915 
‚1205 
.075 76 


.047 65 
.029 97 
.018 85 


.011 85 
.007 454 
.004 688 


.002 948 
.001 854 
.001 166 


.000 7333 


096 
947 
224 


.000 4612 


‚000 2901 


.000 1824 
.000 1147 
.000 072 15 


.000 045 38 
.000 028 54 





TABLE 421.—WIRE TABLE, STANDARD ANNEALED COPPER 411 


American wire gage (B. & S.). Metric units 


Diameter Cross section ohm/km 
Gage in mm in mm? 
No. ас 20°С at 20°C 0°C 209€ 5056 75°С 
0000 11.68 107.2 1482 ‚1608 ‚1798 ‚1956 
000 10.40 85.03 ‚1868 ‚2028 ‚2267 ‚2466 
00 9.266 67.43 2356 (2907 .2858 .3110 
0 8.252 53.48 .2071 .3224 .3604 „3921 
1 7.348 42.41 „3746 ‚4066 4545 4944 
2 6.544 33.63 4724 107 5731 6235 
3 5.827 26.67 .5956 .6465 7227 .7862 
4 5.189 21.15 ЛІ 8152 9113 ‚9914 
5 4.621 16.77 0471 1.028 1.149 1.250 
6 4.115 13.30 1.194 1.296 1.449 1.576 
7 3.665 10.55 1.506 1.634 1.827 1.988 
8 3.264 8.366 1.899 2.061 2.304 2.506 
9 2.906 6.634 2.395 2.599 2.905 3.161 
10 2.588 5.261 3.020 3.277 3.663 3.985 
11 2.305 4.172 3.807 4.132 4.619 5 925 
12 21053 3.309 4.801 ӘСІП 5,825 6.337 
13 1.828 2.624 6.054 6.571 7.345 7.991 
14 1.628 2.081 7.634 8.285 9.262 10.08 
115 1.450 1.650 9.627 10.45 11.68 12.71 
16 1.291 1.309 12.14 1551 14.73 16.02 
17 1.150 1.038 І 16.61 18.57 20.20 
18 1.024 .8231 19.50 20.95 23.42 25.48 
19 9116 6527 24.34 26.42 29.53 3212 
20 8118. 5176 30.69 33.31 37.24 40.51 
21 ‚7230 ‚4105 38.70 42.00 46.95 51.08 
22 6438 9255 48.80 52.96 59.21 64.41 
23 5733 2582 61.54 66.79 74.66 81.22 
24 ‚5106 ‚2047 77.60 84.21 94.14 102.4 
25 4547 ‚1624 97.85 106.2 118.7 129.1 
26 „4049 1288 123.4 133.9 149.7 16023 
27 „3606 1021 1556 168.9 188.8 205.4 
28 ЗЕЦ ‚080 98 196.2 212.9 238.0 258.9 
29 ‚2859 ‚064 22 247.4 268.5 300.1 3265 
30 .2546 .050 93 311.9 338.6 9782 411.7 
31 .2268 .040 39 393.4 426.9 477.2 519.2 
32 ‚2019 .032 03 496.0 538.3 601.8 654.7 
33 ‚1798 ‚025 40 025.5 678.8 758.8 82555 
34 .1601 .020 14 788.7 856.0 956.9 1041. 
35 .1426 .015 97 994.5 1079. 1207. 1313. 
36 212710) 01267 1254. 1361. 1542; 1655: 
37 1131 .010 05 1581. 1716. 1919. 2087. 
38 ‚1007 ‚007 967 1994. 2164. 2419. 2632. 
39 089 69 .006 318 2514. 2729. 3051. 3319. 
40 .079 87 .005 010 3171. 3441. 3847. 4185. 
(continued) 
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TABLE 421.—WIRE TABLE, STANDARD ANNEALED COPPER (continued) 


American wire gage (B. & S.). Metric units 


Diameter 
Gage in mm 
No. at 20°C kg/km 
0000 11.68 953.2 
000 10.40 759.9 
00 9.266 599.5 
0 8.252 475.4 
1 7.348 377.0 
2 6.544 299.0 
3 5.827 2371 
4 5.189 188.0 
5 4.621 149.1 
6 4114 118.2 
7 3.665 93.78 
8 3.264 74-37 
9 2.906 58.98 
10 2.588 46.77 
11 2.305 37.09 
17 2.053 29.42 
13 1.828 235 33 
14 1.628 18.50 
15 1.450 14.67 
16 1.291 11.63 
ІЛ 1.150 9.226 
18 1.024 7 317 
19 .9116 5.803 
20 .8118 4.602 
21 .7230 3.649 
22 6438 2,894 
23 „5733 2.295 
24 „5106 1.820 
25 4547 1.443 
26 4049 1.145 
27 .3606 ‚9078 
28 .3211 ‚7199 
29 ‚2859 5709 
30 .2546 4527 
31 .2268 .3590 
32 .2019 .2847 
33 .1798 .2258 
34 .1601 .1791 
35 .1426 .1420 
36 .1270 1126 
27 1131 089 31 
38 .1007 .070 83 
39 .089 69 .056 17 
40 .079 87 .044 54 
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m/g 
.001 049 
001323 
001 668 


.002 103 
.002 652 
.003 345 


.004 217 
005 318 
.006 706 


.008 457 
.010 66 
.013 45 


.016 96 
.021 38 
.026 96 


.034 00 
.042 87 
.054 06 


.068 16 
085 95 
‚1084 


‚1367 
1728 
2175 


.2740 
.3455 
.4357 


.5494 
.6928 
.8736 


1.102 
1.389 
1752 


2.209 
2.785 
9.512 


4.429 
5.584 
7.042 


8.879 
11.20 
14.12 


17.80 
22.45 


0°С 

6749. 
5352. 
4245. 


3366. 
2669. 
ВЫ. 


1679. 
1331: 
1056. 


837.3 
664.0 
526.6 


417.6 
2212 
262.6 


208.3 
165.2 
131.0 


103.9 
82.38 
65.33 


51.81 
41.09 
32.58 


25.84 
20.49 
16.25 


12.89 
10.22 
8.105 


6.428 
5.097 
4.042 


3.206 
2.542 
2.016 


1.599 
1.268 
1.006 


‚7974 
6324 
.5015 


„3977 
„3154 


(continued) 


m/ohm 
208 50°С 
6219 5563. 
4932 4412. 
3911 3499. 
3102. 2774. 
2460. 2200. 
1951. 1745. 
1547. 1384. 
12927 1097. 
972.9 870.2 
7715 690.1 
611.8 547.4 
485.2 434.0 
384.8 344.2 
305.1 273.0 
242.0 210: 
191,9 171.7 
1222 136.1 
120.7 108.0 
95.71 85.62 
75.90 67.90 
60.20 53.85 
47.74 42.70 
37.86 33.86 
30.02 26.86 
23.81 21.30 
18.88 16.89 
1497 13.39 
11.87 10.62 
9.417 8.424 
7.468 6.680 
5.922 5.298 
4.697 4.201 
3.725 3.332 
2.954 2.642 
2.342 2.095 
1.858 1.662 
1.473 1.318 
1.168 1.045 
.9265 .8288 
‚7347 {6572 
5827 25212 
.4621 4133 
‚3654 3278 
‚2906 ‚2600 


7586€ 
STIS: 
4055. 
3216. 


2550: 
2022. 
1604. 


1272. 
1009. 
799.9 


634.4 
503.1 
399.0 


316.4 
250.9 
199.0 


157.8 
1251 
99.24 


78.70 
62.41 
49.50 


39.25 
31.13 
24.69 


19.58 
15.53 
1231 


9.764 
7.743 
6.141 


4.870 
3.862 
3.063 


2.429 
1.926 
1.527 


ВИ 
.9606 
.7618 


.6041 
.4791 
3/99 


.3013 
.2390 


баре 
Мо 


0000 


о 
oc 
os 


сомо) ло ммо 


11 
12 
14 
15 
17 
18 
20 
2] 
23 
24 
26 
РА 
29 
30 
32 
29 
35 
36 


38 


39 
40 


Diameter 
in mm 
at 20°С 
11.68 
10.40 
9.266 


9.252 
7.348 
6.544 


5.827 
5.189 
4.621 


4.115 
3.665 
3.264 


2.906 
2.588 
2.305 


2.053 
1.828 
1.628 


1.450 
1.291 
1.150 


1.024 
.9116 
.8118 


.7230 
‚6438 
53499 


.5106 
„4547 
„4049 


„3606 
9211 
Lean 


.2546 
.2268 
.2019 


.1798 
.1601 
.1426 


.1270 
DI 
.1007 


.089 69 
.079 87 


American wire gage (B. & S.). Metric units 


0°C 


.000 155 4 
.000 247 2 
.000 393 0 


.000 624 9 
.000 993 6 
.001 580 


002512 
.003 995 
.006 352 


01010 
.016 06 
02552 


.040 60 
.064 56 
.1026 


1032 
2505 
4127 


.6562 


1. 
1. 


D: 
4. 
6. 


10. 
16. 
26. 


42. 
67. 
107. 


171. 
272. 
433. 


689. 
1096. 


043 
659 


638 
194 
670 


60 
86 
81 


63 
79 
8 


4 
5 
3 


0 


1742. 


2770. 
4404. 
7003. 


11140. 
17710. 
28150. 


44770. 


71180. 
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ohm/kg 
20°С 
.000 168 7 


.000 268 2 
.000 426 5 


.000 678 2 
.001 078 
.001 715 


.002 726 
.004 335 
.006 895 


.010 96 
.017 43 
.027 71 


.044 06 
.070 07 
1114 


1771 
.2817 
„4479 


7122 
15032 
1.501 


2.863 
4.552 
7.238 


1151 
18.30 
29.10 


46.27 
49:54 
117.0 


186.0 
20579 
470.3 


747.8 
1199. 
1891. 


3006. 
4780. 
7601. 


12090. 
19220. 
30560. 


48590. 
77260. 


1 
2 


3 
5 
8 


12 


50°С 

.000 188 6 
.000 299 9 
.000 476 8 


.000 758 2 
.001 206 
.001 917 


.003 048 
.004 846 
.007 706 


.012 25 
.019 48 
.030 98 


.049 26 
.078 33 
.1245 


.1980 
3149 
.5007 


.7961 
266 
013 


.201 
.089 
.092 


87 


20.46 


32 


51 
82 
130 


207 
330 
525 


836 


155 


ИЗ 
ize 
8 


9 
б 
7 


0 


1329. 
2114. 


3361. 
5344. 
8497. 


13510. 
21480. 
34160. 


54310. 
86360. 


413 


TABLE 421.—WIRE TABLE, STANDARD ANNEALED COPPER (concluded) 


g/ohm 
20°C 


5 928 000. 
3 728 000. 
2 344 000. 


1 474 000. 


927 300. 
583 200. 


366 800. 
230 700. 
145 100. 


91 230. 


57 380. 
36 080. 


22 690. 
14 270. 
8976. 


5645. 
3550; 
2258 


1404 


882. 
555. 


349. 
219. 
138. 


1 
4 


3 
7 
2 


414 


Gage Diameter 


No. in mils 


0000 460. 
000 410. 
00 365. 
Ü 52 
1 250 
2 258. 
3 7204 
4 204. 
5 162 
6 162. 
7 144, 
8 128. 
9 114. 
10 102. 
П 01. 
12 "ког 
13 12 
14 64. 
15 57]. 
IGNES. 
17 45. 
18 40. 
1020536: 
208 oe. 
21 28.5 
25. 
23881. 226 
24 20.1 
29 17.9 
26 159 
27 14.2 
28 12.6 
29 ES 
30 10.0 
31 8.9 
32 8.0 
33 74 
34 6.3 
35 5.6 
36 5.0 
37 4.5 
38 4.0 
39 3.5 
40 3.1 


TABLE 422.—WIRE TABLE, ALUMINUM 


Hard-drawn aluminum wire at 20°C (68°F) 


American wire gage (B. & S.). English units 


Cross section 


Circular mils 


212 000. 
168 000. 
133 000. 


106 000. 
83 700. 
66 400. 


52 600. 
41 700. 
33 100. 


26 300. 
20 800. 
16 500. 


13 100. 
10 400. 
8230. 


6530. 
5180. 
4110. 


3260. 
2580. 
2050. 


1620. 
1290. 
1020. 


810. 
642. 
509. 


404. 
320. 
254. 


202. 
160. 
127. 


101. 
79] 
63.2 
50.1 


39.8 
915 
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in.? 


.166 
132 
.105 


.0829 
.0657 
.0521 


.0413 
.0328 
.0260 


.0206 
.0164 
.0130 


.0103 
.008 15 
.006 47 


.005 13 
.004 07 
.003 23 


.002 56 
.002 03 
.001 61 


.001 28 
.001 01 
.000 802 


.000 636 
.000 505 
.000 400 


.000 317 
.000 252 
.000 200 


.000 158 
.000 126 
.000 099 5 


.000 078 9 
.000 062 6 
.000 049 6 


.000 039 4 
.000 031 2 
.000 024 8 


.000 019 6 
.000 015 6 
.000 012 3 


.000 009 79 
000 007 77 


ohm 
1000 ft 


.0804 


.101 
.128 


.161 
.203 
.256 


5229 
408 
514 


.648 

817 
1.03 
1.30 


1.64 
2.07 


2.61 
3.29 
4,14 


5.22 


540. 


681. 
858. 
1080. 


1360. 
1720. 


Ib 

1000 ft 
195: 
154. 
122: 


97.0 
76.9 
61.0 


48.4 
384 
30.4 


24.1 
19.1 
152 


12.0 


р а 
oto Sup um 
DIGS CON S Cn 


1b/ohm 


2420. 


1520. 
957. 


602. 
379. 
238. 


150. 
94,2 
59.2 


3/2 
23.4 
14.7 


9.26 
5.83 
3.66 


2.30 
1.45 
У 


5/9 
360 
227 


143 
‚0897 
0564 


.0355 
.0223 
.0140 


.008 82 
.005 55 
.003 49 


.002 19 
.001 38 
.000 868 


.000 546 
.000 343 
.000 216 


.000 136 
.000 085 4 
.000 053 7 


.000 033 8 
.000 021 2 
.000 013 4 


.000 008 40 
.000 005 28 


ft/ohm 


12 400. 


9860. 
7820. 


6200. 
4920. 
3900. 


3090. 
2450. 
1950. 


1540. 
1220. 
970. 


770. 
610. 
484. 


384. 
304. 
241. 


191. 
152 
120. 


95.5 
60.0 


47.6 
37.8 
200 


23.7 
14.9 


11.8 
9:59 
7.45 


5.91 
172 


2,95 
2.34 
1.85 


1.47 
1.17 
‚924 


433 
.581 


— M M o À—M M ——————HU 


Саве 
Мо 


0000 
000 
00 


COONAN ль мно 


== pt 
— OO 


ји о ы 
4 сә М 


wi pb jmb 
М С ел 


— -— 
Ф со 


20 
21 


23 
24 
26 
27 
29 
30 
37 
39 
95 
36 


38 


39 
40 


Diameter 
in mm 


112 


m 
© 
A 


с Моо nwi w: 


те e 


a AoD Село С м 
бл WON OD 


ка = ee 
O ке) 
го Өл 


© 
— 


81 
72 
57 
51 


40 
.36 


‚29 


E 
2227 
‚202 


‚180 
‚160 
143 


2127 
113 
101 


090 
080 


TABLE 423.—WIRE TABLE, ALUMINUM 


Hard-drawn aluminum wire at 20°C (68°F) 


American wire gage (B. & S.). Metric units 


Cross section 
in mm? 


107. 
85.0 
67.4 


58 
42.4 
33.6 


267 
2122 
16.8 


13.3 
10.5 
8.37 


.129 


.102 
.0810 
.0642 


0509 
0404 
0320 


0254 
0201 
0160 


0127 
.0100 
.0080 


.0063 
.0050 
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ohm/km 
.264 
2942 
419 


.529 
‚667 


641 


| 
р 
Т; 


2. 
Ži 
3. 


4. 
5. 
6. 


883. 


1110. 
1400. 
1770. 


2230. 
2620. 
3550. 


4480. 
5640. 


06 
34 
69 


IS 
68 
38 


26 
38 
78 


kg/km 
289. 
230. 
182. 


144. 
114. 
90.8 


I 
гә 
© 


yh бол ADO Who AMo wet 


ADO GOWN WOW 


Сл 
м 


mete КО О A 


- bo Naha мч KR бо со сл Сл 


— кы 
EAE 
— C 


оо 
~ 
© 


‚697 


553 
438 
.348 


.276 
210 
‚173 


.138 
.109 
.0865 


.0686 
0544 
0431 


0342 
.0271 
.0215 


0171 
.0135 


g/ohm 


273 000. 
172 000. 


108 000. 


67 900. 
42 700. 
26 900. 


16 900. 


10 600. 
6680. 


4200. 
2640. 
1660. 


1050. 
657. 
413. 


260. 
164. 
103. 


64. 
40. 
25. 


16. 
10. 
6. 


4. 
2 
1. 


995 
‚626 
394 


‚248 
156 
0979 


0616 
0387 
.0244 


.0153 
.009 63 


2 
7 
6 


1 
1 
36 


00 
52 
58 


.006 06 


.003 81 
.002 40 
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m/ohm 
3790. 
3010. 
2380. 


1890. 
1500. 
1190. 


943. 
748. 
593. 


470. 
973. 
296. 


219: 


148. 


117 
92.8 
73.6 


58.4 
46.3 
36.7 


29.1 
18.3 


14.5 
115 
9.13 


7.24 
5.74 
4.55 


3.61 
2.86 
2127 


1.80 
1.43 
LIS 


.899 
.712 
‚565 


448 
1095 
282 


1225 
177 


416 
TABLE 424.—AUXILIARY TABLE FOR COMPUTING WIRE RESISTANCES 


For computing resistances in ohms per meter from resistivity, p, in microhm-cm (see Table 
386, etc.). e.g., to compute for No. 23 copper wire when p — 1724: 1 m — 0.0387 + .0271 + 
0008 + .0002 = 0.0668 ohms; for No. 1l lead wire when p — 20.4: 1 m — 0.0479 + .0010 = 
0.0489 ohms. The following relation allows computation for wires of other gage numbers: 
resistance in ohms per m of No. » wire — 2 X resistance of wire No. (n — 3) within 1 percent: 
e.g., resistance of m of No. 18 — 2 X No. 15. 





p in microhm-cm 





pee 2. 
1 2 3 4 5 6 7 8 9 10 
Diam. 3 
Gage in Section Resistance of wire 1 m: long in ohms 
No. mm mm? — 


0000 11.7 107.2 .04933 .03187 .03280 .03373 .03466'  .05560 .03653 .03746 .03840 .03933 

00 9.27 67.43 .03148 .0:297 .03445 .03593 .03742 .03890 .02104 .05119 .02133 .02148 
ГЕ 35 42.41 .03236 .03472 .03707 .03943 .02118 .0141 .02165 .02189 .05212 .09236 
9702-82 26.67 .03375 .03750 .0:112 .02150 .02187 .02225 .0:262 .0:300 .02337 .02375 
5 4.62 16.77 -03596 .02119 .02179 .02239 .02298 020358 .0:417 .0:477 .0537 .02596 
Ж 66 1055 .03948 .02190 .02284 .00379 .02474 ‚05569 .02664 .02758 .02853 .0:948 
9 2,91 6.634  .05151 .0:301 .02452 .02603 .02754 .09904  .0106 .0121 .0136 .0151 
I 
3 
5 
7 


1 2.30 4.172 .0:2240 .02479 .02719 .0:959 .0120 .0144 0168 .0192 .0216 .0240 
1 1,83 2.624 .0:381 .02762 .0114 ‚0152 ‚0191 20229 .0267 .0305 .0343 .0381 
1 1.45 1.650 .0,606 .0121 .0182 .0242 .0303 .0364 .0424 .0485 .0545 .0606 
1 1515 1.038 203963 0193 .0289 .0385 .0482 .0578 .0674 ‚0771 ‚0867 ‚0963 
19 912 6527 .0153 .0306 .0460 .0613 .0766 .0919 .1072 .1226 21979 ‚1532 
21 ‚723 .4105 .0244 .0487 .0731 .0974 1219 .1462 .1705 .1949 .2192 .2436 
23 .573 .2582 .0387 .0775 .1162 .1549 .1936 .2324 202101 .3098 .3486 ‚3873 
25 ‚455 .1624 .0616 ‚1232 ‚1847 ‚2463 ‚3079 ‚3695 430 .4926 .5542 .6158 
27 ‚361 .1021 .0979 21939 .2938 49918 .4897 .5877 .6856 ‚7835 ‚8815 ‚9794 
29 ‚286 .0642 .1557 .3114 .4671 .6228 . .7786 .9343 1.090 1.246 1.401 1.557 
31 227 ‚0404 .2476 ‚4952 .7428 .9904 1.238 1.486 1.733 1.981 2.228 2.476 
33 .180 .0254 .3937 .7874 1.181 1.575 1.968 2.362 2.756 3.150 3.543 3.937 
35 ‚143 ‚0160 .6262 1.252 1.879 2.505 313: 5:75: 4.383 5.009 5.636 6.262 
37 ‚113 .0100 .9950 1.990 2.985 3.980 4.975 5.970 6.965 7.960 8.955 9.950 


39 .090 .0063 1.583 3.166 4.748 6.331 7.914 9.497 11.08 12.66 14.25 15.83 
40 .080 .0050 1.996 3.992 5.988 7.984 9.980 11.98 13.97 19:07 17.96 19.96 


TABLE 425.—SAFE CURRENT-CARRYING CAPACITY OF COPPER WIRE, FOR 
DIFFERENT CONDITIONS, IN AMPERES PER CONDUCTOR * 





Varnish cambric insuiators 
Impregnated paper insulation 


Not more Rubber insulators 
| than three in enclosed and exposed conduit Three con- 
Wire | ћ conductors — Single ductor cable 
size Single wire in raceway Single Three conductor in under- 
AWG in free air or cable conductor conductor, cable in air ground duct 
14 30 23 23 19 
10 54 38 40 33 
6 99 68 gi 57 98 78 
3 155 104 
2 179 118 127 101 173 134 
0 245 157 167 133 234 177 
0000 383 237 256 203 392 264 





* These values are for voltages in the range up to 5,000 or 7,000 and for 75 to 100 percent time load, 
ambient temperature 30*C and copper temperature 75-80?C. Adapted from Publication No. P-29-226 of 
the Insulated Power and Cable Engineers’ Association. For other values see these tables. 


SMITHSONIAN PHYSICAL TABLES 


417 


TABLE 426.—THE CALCULATION OF THE HIGH-FREQUENCY RESISTANCE 
OF CONDUCTORS * 


The resistance of a conductor to high-frequency alternating currents is not the same as 
it offers to direct or low-frequency currents. The linkages of flux with the inner portions 
of the conductor are more numerous than with the outer portions. That is, the reactances 
of the inner filaments are greater than those of the outer filaments. Consequently, the 
current density decreases from the outside toward the center of the conductor. 

This tendency of the current to crowd toward the outer portions of the cross section 
becomes more pronounced the higher the frequency, and at very high írequencies the 
current density is sensibly zero everywhere except in the surface layer of the conductor. 
This phenomenon is called the "skin effect." It causes an increase in the effective resis- 
tance of the conductor over its resistance to a direct current. 

What is of interest in the calculation of the high-frequency resistance is the resistance 
ratio, the quotient of the resistance at the given frequency by the direct-current resistance. 
The resistance ratio depends upon the distribution of current density in the cross section, 
and this is a function of the frequency and the shape of the cross section. In general, 


however, the resistance ratio is a function of the parameter МЕ in which f is the fre- 
0 


quency, and Fo is the direct-current resistance per unit length. In what follows Ro will be 
taken as the direct-current resistance per 1000 ft of conductor. 

The distribution of current in the cross section is affected by a neighboring conductor 
carrying high-frequency currents. This proximity effect finds an explanation in that the 
value of the mutual inductance of any filament A of one conductor on a filament B of the 
other conductor depends upon the positions of 4A and В in their respective cross sections. 
The proximity effect may be very appreciable for conductors nearly in contact ; falling off 
rapidly as their distance increased, it is negligible for moderate ratios of distance apart 
to cross sectional dimensions. In such cases the resistance is sensibly the same as for an 
isolated conductor. 

Besides the spacing factor of the conductors, the proximity effect depends upon the 
frequency, and in lesser degree upon the shape of the cross sections. Quantitatively, the 
proximity effect may be expressed by the proximity factor, which is the quotient of actual 
resistance of the conductor by the resistance which it would have if removed to a great 
distance from the disturbing conductor, both values of resistance being referred to the 
same frequency. 

That is, 1f 


o = the direct current resistance 
R, = the resistance of the conductor when isolated, frequency f 
R4 — the resistance in the presence of the disturbing conductor 
at frequency f 


К! | R : E RU 
then the proximity factor is P =—, and the resistance ratio tL, in the presence of the 


К; К, 
disturbing conductor, is obtained from the resistance ratio —- when isolated by the rela- 
о 
* R ж . + . . е + 
поп M = T. * Resistance ratio may be obtained in any case if the resistance ratio 
0 0 


when isolated is known, together with the value of the proximity factor. 

Formulas for the high-frequency resistance ratio have been developed in only a few 
simple (but important) cases, and even then very complicated formulas result. For prac- 
tical work, tables are necessary for simplifying the calculations. The following tables cover 
the most important cases. 

Formulas have been derived for the high-frequency resistance ratio of single-layer coils 
wound with round wire. Generally, these differ from one another and from measured 
values, because simplifying assumptions are made which are not sufficiently realized in 
practice. No tables of values for coils such as are met in practical radio work are available 
As a rough guide, the high-frequency resistance ratio for a single-layer coil is often from 
two to five times as great as the resistance ratio of the same wire stretched out straight 
and carrying current of the given frequency. The experimental work available indicates 
that this factor is due to the coiling of the wire, that 1s, the total proximity effect of the 
turns of the coil 1s largely dependent upon the frequency and the ratio of wire diameter 
to pitch of winding, and in lesser degree to the ratio of length to diameter. 


* Prepared by F. W. Grover, Nat. Bur. Standards. 


(continued) 
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TABLE 426.—THE CALCULATION OF THE HIGH-FREQUENCY RESISTANCE 
OF CONDUCTORS (continued) 


Part 1.—Resistance ratio “F’’ for isolated round wires 


Resistance ratio F of isolated round wire, as a function of the square root of the fre- 
quency divided by the direct current resistance per 1000 ft of conductor. 





Vf/Ro 0 10 20 30 40 50 60 70 80 90 100 
F 1.000 1.000 1.0005 1.0025 1.008 1.019 1.038 1.069 1.114 1.173 1.247 
Vf/ Ro 100 120 140 160 180 200 250 300 350 400 500 


F 1247 1427 1.631 196 2036 2231 2715 320 3685 4.170 T515: 


Part 2.—Values of resistance ratio for isolated tubular conductors 


t, thickness of wall of tube; d, outer diameter of tube 


= 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 


0 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
50 1.000 1.000 1.000 1.001 1001 1.001 1.001 1.001 1.001 1.001 
100 1.001 1001 1.002 1.002 1.004 1.008 1.007 1.009 Fee. ОЯ 
150 1.001 1.003 1.006 1.011 1.017 1.024 1.033 1.044 1.056 1.070 


200 1.002 1.008 1.019 1.034 1053 1076 1104 1134 1167 1.204 
250 1.005 1.020 1.046 1.081 1.125 1.176 1.233 1.296 1.365 1.440 
2m 1011% 1.0427 1.095 1.165. 125 1.34 1.44 1739 1.65 1.75 


5 1.020 106 1.167 1.285 1.2 1.56 1.70 1.83 1.97 2.09 
400 ОВЕ 27 1.44 1.66 1.81 1.99 2.13 2.28 2.42 
450 1.05} 1.198 1.41 1.63 1.87 2.08 2.28 2.44 2.60 2.74 
500 1.079 1.30 1.57 1.86 2.14 2.34 2.56 2.73 2.88 3.03 
Vi, Solid 
24-040 012 O15 020 0.25 030 035 040 045 050 


1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.001 1001 1002 1.004 1006 1.008 1.012 1.015 1.017 1.019 
1014 1021 1032 1065 1004 1132 1175 1202 1224 1247 
1:070 11022 41155 1266-75 1.51 1.60 1.68 1.71 1.733 
1.204 1.294 1.42 1.65 1.845 1.995 2.095 2.15 220.2 
1.44 5853 179 T211 2E 2.45 2.536 2.64 2.68 2.715 


0 
50 
100 
150 
200 
250 
300 175 1.94 
350 
400 
450 
500 


2,19 2.51 2.735 2.90 3.03 3.12 3.17 3.201 

2.09 pj 2:57 2.90 3.15 3.35 3.495 3.59 3.66 3.688 

2.42 2.66 2.92 2:27 3.58 3.80 3.96 4.07 4.14 4.176 

274 3.00 227 3.66 4.00 4,25 4,43 4,55 4.63 4,664 

3.03 3.33 3,62 4.07 4,42 4.69 4,90 5.03 5.12 5.152 
(continued) 
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TABLE 426.—THE CALCULATION OF THE HIGH-FREQUENCY RESISTANCE 
OF CONDUCTORS (concluded) 


Part 3.—Coefficients in formula for proximity factor of equal parallel 
round wires 


The proximity factor of two equal parallel conductors may be calculated by the formula 


P=1+1G-d?/s?]/(FQ — Ha’/s’)] 


in which the coefficient F is to be obtained from Part 1 for the given value of V f/Ro and 
the coefficients G and H are to be taken from the table below for the given value of Vf/Ro. 
In the table below the values of H apply to currents in the same direction; in the case of 
currents in opposite directions H’ is to be used. In the above formula d is the diameter of 
the wires and s their axial spacing. The proximity factor for two equal parallel tubular 
conductors does not differ much from the value for two solid wires with the same axial 
spacing and a value of Vf/Ro one-half the value for two solid wires of the same diameter, 
except for conductors very close together. 








Vf/ Ro С Н H' УР» G H H' 
0 0 +.0417 +.0417 200 .8491 —.1904 .5530 
25 .0036 .0395 .0443 250 1.0959 — 2017 „5932 
50 0519 +.0109 „0798 300 1.340 —.2093 .6200 
75 .1903 --.0659 ‚1838 350 1.585 —.2149 .6389 
100 „3562 = 1379 ІІ? 400 1.830 —.2191 .6530 
125 4914 —.1685 4114 450 2.073 7724 .6639 
150 .6096 qn .4787 500 2.319 22 11 ‚6722 
175 ‚7277 —.1839 „5228 


TABLE 427.—RATIO OF ALTERNATING TO DIRECT CURRENT RESISTANCES 
FOR COPPER WIRES 


This table gives the ratio of the resistance of straight copper wires with alternating cur- 
rents of different frequencies to the value of the resistance with direct currents. 


Diameter of Frequency f — 
wire in 
mm 60 100 1000 10,000 100,000 1,000,000 
.05 -— -— -- -- --- ж1 001 
SI -— --- -— -— *1.001 1.008 
25 --- --- --- --- 1.003 1.247 
29 --- --- --- %1 001 1.047 2,240 
1.0 --- -- -— 1.008 1.503 4.19 
2.0 —— --- 1.001 1.120 2.756 8.10 
В: --- -- 1.006 1.437 4.00 12.0 
4 -- -— 1.021 1.842 5.24 17.4 
Б. --- ж1 001 1.047 2.240 6.49 19.7 
7.5 1.001 1.002 1.210 8:22 7.50 297 
10. 1.003 1.008 1.503 4.19 127 39.1 
15. 1.016 1.038 2:150 6.14 18.8 — 
20. 1.044 1.120 2.756 8.10 292 — 
25. 1.105 1.247 3.38 10.1 28.3 -- 
40. 1.474 1.842 5.24 17.4 — — 
100. 331 4.19 13.7 39.1 — - 


Values between 1.000 and 1.001 are indicated by *1.001. 

The values are for wires having an assumed conductivity of 1.60 microhm-cm; for 
copper wires at room temperatures the values are slightly less than as given in table. 

The change of resistance of wire other than copper (iron wires excepted) may be cal- 
culated from the above table by taking it as proportional to dV f/p where d = diameter, 
f the frequency. (cycles/sec) and p the resistivity. 

If a given wire be wound into a solenoid, its resistance, at a given frequency, will be 
greater than the values in the table, which apply to straight wires only. The resistance in 
this case is a complicated function of the pitch and radius of the winding, the frequency, 
and the diameter of the wire, and is found by experiment to be sometimes as much as 
twice the value for a straight wire. 
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TABLE 428.—MAXIMUM DIAMETER OF WIRES FOR HIGH-FREQUENCY 


RESISTANCE RATIO OF 1.01 


Frequency 2 109 .... 0.1 0.2 0.4 0.6 0.8 1.0 
Wavelength, m ..... 3002 1500 750 500 375 300 


Diameter in cm 
Material 





Соррег 0150. .0356 .0251 .0177 .0145 .0125 .0112 
SUUNTO IE IEEE TT 0345 .0244 .0172 .0141 .0122 .0109 
Geld ks scale 0420 .0297 .0210 .0172 .0149 .0133 
Рїайпип ........ 1120 .0793 .0560 .0457 .0396 .0354 
Мегсигу ........ 264 .187 .132 1080 .0936 .0836 
Manganin 22... 1784 .1261 .0892 .0729 .0631 .0564 
Goustantan ...... .1892 .1337 .0946 .0772 .0664 .0598 
German silver ... .1942 .1372 .0970 .0792 .0692 .0614 
Graphite ses 765 541 389079212 < 27/1 T242 
Gaon ооо 1.60 1.13 801 .654 .566 .506 
Iron 4 —1000.... .00263 .00186 .00131 .00108 .00094 .00083 . 
cS uc .00373 .00264 .00187 .00152 .00132 .00118 . 
КО. .00838 .00590 .00418 .00340 .00295 .00264 . 
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1.2 
250 


.0102 
.0099 
.0121 
10529 
.0763 
.0515 
.0546 
.0560 
.221 

.462 


.0092 


1.5 
200 


.0089 
.0108 
.0290 
.0683 
.0461 
.0488 
.0500 
197 

414 


00076 .00068 . 
00108 .00096 


2.0 3.0 
150 100 


0079 .0065 
0077 .0063 
0004 .0077 
0250 .0205 
0501 .0483 
.0399 .0325 
0423 .0345 
0434 .0354 
171 140 
58 7202 


00059 .00048 


00084 .00068 


00241 .00215 .00186 .00152 
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TABLE 429.—STEADY POTENTIAL DIFFERENCE IN VOLTS REQUIRED TO 
PRODUCE A SPARK IN AIR WITH BALL ELECTRODES (RADIUS R) 


Spark 
length, К. 0 К = 0.25 К == 0.5 R=% 

cm Points cm cm k= Vem К ст ЛК Cm Plates 
.02 — — 1560 1530 

.04 — — 2460 2430 2340 

.06 — — 3300 3240 3060 

.08 — — 4050 3990 3810 

A 3720 5010 4740 4560 4560 4500 4350 
22 4680 8610 8490 8490 8370 7770 7590 
‚3 5310 11140 11460 11340 11190 10560 10650 
4 5970 14040 14310 14340 14250 13140 13560 
5 6300 15990 16950 17220 16650 16470 16320 
6 6840 17139 19740 20070 20070 19380 19110 
8 8070 18960 23790 24780 25830 26220 24960 
1.0 8670 20670 26190 27810 29850 32760 30840 
1.5 9960 22770 29970 37260 

20 10140 24570 33060 45480 

3.0 11250 28380 

4.0 12210 29580 

5.0 13050 


TABLE 430.—ALTERNATING-CURRENT POTENTIAL REQUIRED TO PRO- 
DUCE A SPARK IN AIR WITH VARIOUS BALL ELECTRODES 


The potentials given are the maxima of the alternating waves used. Frequency, 33 
cycles per second. 


Spark length 


cm R=1cm R = 1.92 R= 5 = 25 је == 10 ЖО к= ШЕ 
.08 3770 

.10 4400 4380 4330 4290 4245 4230 
AS 5990 5940 5830 5790 5800 5780 
.20 7510 7440 7340 7250 7320 7330 
225 0045 8970 8850 8710 8760 8760 
30 10480 10400 10270 10130 10180 10150 
35 11980 11890 11670 11570 11610 11590 
‚40 13360 13300 13100 12930 12980 12970 
‚45 14770 14700 14400 14290 14330 14320 
‚50 16140 16070 15890 15640 15690 15690 
6 18700 18730 18550 18300 18350 18400 
7 21350 21380 21140 20980 20990 21000 
8 23820 24070 23740 23490 23540 23550 
‚9 26190 26640 26400 26130 26110 26090 
1.0 26380 29170 28950 28770 28680 28610 
1.2 32400 34100 33790 33660 33640 33620 
1.4 35850 38850 38850 38580 38620 38580 
1.6 38750 43400 43570 43250 43520 

1.8 40900 = 48300 47900 

2.0 42950 — — 52400 
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TABLE 431.—POTENTIAL NECESSARY TO PRODUCE A SPARK IN AIR 
BETWEEN MORE WIDELY SEPARATED ELECTRODES 








E == Steady potentials E <E 
= ОК = ӨН 
5 25 Pierides Cup EN Е i8 Steady potentials 
Е Зы T m Projection Е а. Бе Ball electrodes 
Е == 1 ст 2.5 ст 4.5mm 1.5mm g == = = 
= А © Ul д S 1 ст Ж ст 
3 c = — — 11280 6.0 61000 — 86830 
5 — 17610 17620 -- 17420 7.0 -- 52000 — 
7 -- -- 23050 -- 22950 80 67000 52400 90200 
10 12000 30240 31390 31400 31260 100 73000 74300 91930 
12 — 33800 36810 — 36700 120 82600 -- 93300 
1.5 — 37930 44310 -- 44510 140 92000 -- 94400 
20 29200 42320 56000 56500 56530 150 — — 94700 
25 -- 45000 65180 -- 68720 16.0 101000 -- 101000 
30 40000 46710 71200 80400 81140 20.0 119000 
29 — -- 75300 -- 92400 25.00 140600 
40 48500 49100 78600 101700 103800 300 165700 
4.5 — -- 81540 -- 114600 35.0 190900 
50 56500 50310 83800 -- 126500 
9:5 — — — -- 135700 
A The specially constructed electrodes for the 
11 cm | columns headed “cup electrodes" had the 
| ! form of a projecting knob 3 cm in diameter 
| ~ ' and having a height of 4.5 mm and 1.5 mm 
I< 22ст -»! respectively, attached to the plane face of the 
i a ' electrodes. These electrodes give a very sat- 


isfactory linear relation between the spark 
lengths and the voltage throughout the range 


studied. 


TABLE 432.—EFFECT OF THE PRESSURE OF THE AIR ON THE DIELECTRIC 
STRENGTH 


Voltages are given for different spark lengths I. 


Pressure, 
cmHg L= 0.04 ] — 0.06 

2 E M 

4 — 483 

6 — 582 
10 — 771 
15 — 1060 
25 1110 1420 
35 1375 1820 
45 1640 2150 
55 1820 2420 
65 2040 2720 
75 2255 3035 








1= 0.08 
567 
690 
933 


1280 
1725 
2220 
2660 


3025 
3400 
3805 


ОО 
648 
795 

1090 


1490 
2040 
2615 
3120 


3610 
4060 
4565 


[= 0.20 {— 0.30 
744 939 
1015 1350 
1290 1740 
1840 2450 
2460 3300 
3500 4800 
4505 6270 
5475 7650 
6375 8950 
7245 10210 
8200 11570 


i= 0.40 I = 0.50 
1110 1266 
1645 1915 
2140 2505 
3015 3580 
4080 4850 
6000 7120 
7870 9340 
9620 11420 

11290 13455 

12950 15470 

14650 17450 


TABLE 433.—POTENTIALS IN VOLTS TO PRODUCE A SPARK IN KEROSENE 


— — 





Spark Electrodes balls of diam. d Spark Electrodes balls of diam. d 
length length 
cm 0.5 cm 1 ст 2 ст 3 ст ст 0.5 ст 1 ст 2 ст 3 ст 
1 3800 3400 2750 2200 5 13050 12400 11000 6900 
2 7509 6450 4800 3500 6 14000 13550 12250 8250 
"3 10250 9450 7450 4600 8 15500 15100 13850 10450 
E 11750 10750 9100 5600 1.0 16750 16400 15250 12350 


сс == == => у Е 
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TABLE 434.—DIELECTRIC STRENGTH OF MATERIALS 
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Potential necessary for puncture expressed in kilovolts per centimeter thickness 
oí the dielectric 


Kilovolts 


Substance per cm Substance 
Ebonite .......... 300-1100 Oils: 
Empire cloth . 80-300 Castor 
ш paper .... 450 s 
PDE оа 20 Cottonseed ... 
Fuller board ..... 200-300 Lard 
ЕТТЕ” 200-1500 ü 
Granite (fused)... 90 Linseed, raw 
Guttapercha ..... 80-200 Е b 
Impregnated jute . 20 5 boiled 
Leatheroid ....... 30-60 Б á 
Linen, varnished.. 100-200 Lubricating .. 
Liquid air ....... 40-90 Neatsfoot 
Mica: Thickness > 
Madras .1 тт 1600 Olive 
js 1o “ 300 E 
Bengal p 2200 Paraffin 
5 Ое 700 “ 
Canada 1 ~ 1500 Sperm, mineral 
“ 1.0 “ 500 “ “ 
South America. 1500 “  matural 
Micanite ....... 400 M я 


TABLE 435.—DIELECTRIC CONSTANT 


Turpentine 


Kilovolts 
рег ст 
Thickness 
2mm 190 
10 “ 130 
о 70 
2 “ 140 
10 “ 40 
p" 185 
10 “ 90 
ee 190 
10 “ 80 
ЛД. 50 
2 “ 200 
10 * 9% 
2 RET) 
10 “ 75 
o 2215 
10 “ 160 
2 “ 180 
104 85 
2 1 #6195 
10“ 9% 
2 “ 160 
10 “ 110 


Kilovolts 
Substance per cm 
Papers: 
Beeswaxed 770 
Blotting .... 150 
Manilla .... 25 
Paraffined .. 500 
Varnished ... 100-250 
Paraffin: 
Melted ..... 75 
Melt. point 
Зона 43° 350 
“ 47° 400 
“ 52° 230 
d 70° 450 
Presspaper 45-75 
Киђђег ....... 160-500 
Vaseline ...... 90-130 
Thickness 
Xylene 2 mm 120 


(SPECIFIC INDUCTIVE CAPACITY) 


OF GASES 


Atmospheric pressure 


Wavelengths of the measuring current greater than 10000 cm 


Gas "EC 
Air 0 
МН; 20 
С5: 0 

К 100 
СО: 0 
СО 0 
С.Н. 0 


Dielectric constant 


Vacuum — 1 


1.000588 
1.00718 
1.00290 
1.00239 
1.000966 
1.000692 
1.00138 


Air= 1 
1.000000 
1.00659 
1.00231 
1.00180 
1.000377 
1.000104 
1.00079 


Gas C 
НСІ 100 
H: 0 
CH, 0 
N20 0 


50; 


0 
H;O,4atm 145 


Dielectric constant 


Vacuum — 1 


1.00258 
1.000264 
1.000948 
1.00108 
1.00993 
1.00705 


Аїт = 1 
1.00199 

999676 
1.000360 
1.00050 
1.00934 
1.00646 


TABLE 436.—VARIATION OF THE DIELECTRIC CONSTANT WITH 
THE TEMPERATURE 


If Ko = the dielectric constant at the temperature 6°C of the above table, K, at the tem- 
perature С, апа а апа £ are quantities in the following table, then K, — Ke — a (t — 6) 





+ 8(:— 0)". 

АНЫН сае a= 5.45 X 10% 522.59 x 05 Range, 15-110°C 
Sulfur dioxide |... 6.19 X 10 1.86 X 107 0-110 
Water Vapor а res 14 x 10* е 145 





The dielectric constant of air at 76 cmHg and varying temperature may be calculated 
since K — 1 is approximately proportional to the density. See Table 437. 
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TABLE 437.—VARIATION OF THE DIELECTRIC CONSTANT OF GASES 
WITH THE PRESSURE 


4... 





TABLE 438.—DIELECTRIC CONSTANT OF LIQUIDS (K). 


С-Ніз 
Репїапе 


Сагһоп 
bisulfide 


(C;Hs)20 .. 


Ethyl 
ether 


C,H;Br 
Bromo- 
benzene 


СНО... 
Chloro- 
benzene 


CHOH .. 


Hexyl 
alcohol 


• • • • • • 


4.... 


4 « « • 


e.s. +e.. 


сово = 


Фоо о ө о 


соо в о 6 


ооо оо в 


ооо о е 


Ргеззиге 


atm 


30%С 
Р Е 
айт 
1 1.82 613 
1000 1.96  .701 
4000 2.12  .796 
8000 2.24 .865 
12000 2.33 .907 
1 2.61 1.241 
1000 2.82 1.332 
4000 3.11 1.487 
8000 3.33 1.601 
12000 3.52 1.689 
1 415 720 
1000 4.88  .801 
4000 6.05 .911 
8000 6.93 .988 
12000 7.68 1.047 
1 5.22 1.465 
500 5.36 1.525 
1000 5.47 1.558 
4000 5.88 1.705 
8000 ... E. 
‘1 5.41 1.004 
500 5.59 1.038 
1000 5.75 1.065 
4000 6.33 1.152 
6000... b 
] 1290 .812 
1000 13.54 .861 
4000 15.06 .937 1 
8000 ; D 


1.0108 
1.0218 
1.0330 
1.0439 
1.0548 
1.0101 
1.0196 
1.0294 
1.0387 
1.0482 


75°С 


1.92 
211 
222 
2.31 


== =з = МЕ Т 
K Density K Density 


448 Danforth, Phys. Rev., vol. 38, p. 1224, 1931. 
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Pressure 


"С 

Cvm TEE 11 

“ 
*« з ө ө ө ө ө ө э ө 

“ “ 


“ “ 


кашы» Ор 15 


“.4.ш4..:... 
“жффеееебе» 
“.ЖшЖшЖв.Шгшш-!..-е 
ежежеечеееее 
* ө ө ө е ө «е э о е 


* э © е'е ө о э э о 


аїт 


120 
140 
160 


0° 


Р „— 
atm K Density 
C:H:OH .. 1 278 .806 
Ethyl 1000 29.4  .864 
alcohol 8000 35.3 1.031 
12000 57.6 1.082 
Сон .. 1 21.1 .819 
i-butyl 1000 229. .877 
alcohol 8000 26.8 1.031 
12000 28.2 1.080 
С:Н,О, .... 1 499 1272 
Сіусегіпе 1000 51.9 1.305 
4000 56.4 1.367 
8000 611 1.429 





1.0579 
1.0674 
1.0760 
1.0845 
1.008 
1.020 
1.060 
1.010 
1.025 
1.070 


PRESSURE EFFECT ^ 


30*C 
K Density 
‚781 
‚844 
1.019 
1.073 
806 
‚856 
1.018 
1.069 
1.254 
1.287 
1.349 


53.8 1.410 


Anomalous dispersion 247000 cycles 
> 


Isobutyl-alcohol : 0°C 

pis 2900 5810 
K:... 211 244 259 
Glycerine.P 1 1940 
0? 499 534 
Eugenol ..P 1 2960 
..K 9.42 10.79 


9680 
27.4 
4290 
55.6 
5081 
11.09 


10830 12130 
27.2 26.4 
6330 8490 
52.2 40.1 
5680 6300 
10.57 6.05 


TABLE 439.—DIELECTRIC CONSTANT OF LIQUIDS 425 
A wavelength greater than 10000 cm is designated by 99. 





Wave- Wave- 
Temp. length, Dielectric Temp. lengtb, Dielectric 
Substance °С em constant Substance Si ст constant 
Alcohol : Ethyl ether ...... 100 и 3.12 
АН... frozen со 2.4 ей ж БАҒА; 140 К 2.66 
М о E ý a ч № 180 Е 2.12 
Е... --50 ur у - 
"o... 000“ 174 Eun 
"Es 4-20 fs 16.0 s co ET. 192 ý 1.53 
в... 18 200 10.8 2 «Е. 18 83 4.35 
Во 18 73 4.7 Formic acid ...... +2 73 19.0 
EU tuin frozen eS 2.7 (frozen) 
Eos — 120 | 54.6 ч ue c 1200 62.0 
Rss —80 г 44.3 + i. 16 73 58.5 
E e --40 i 35.3 Glycerine 222... 15 1200 56.2 
и... 0 х 28.4 ©1 и. 15 200 39.1 
а... +20 f 25.8 “ОА ИН. 15 75 25.4 
EE se 17 200 24.4 WEE а. — 85 44 
COMES Sec ч 75 23.0 өз а. — 4 26 
s ч 53 226 посте М А 17 со 1.880 
А Е + т удгореп регох- 
тоо. “ 4 50 ide4675inH,OJ 18 05 847 
Methyl ........ frozen со 3.07 Кеговепе ........ — — 2 
МИ sn —100 М 58.0 Meta-xylene ..... 18 со 237 
Е. --50 оо 45.3 É О 17 73 2.37 
п. 0 "i 35.0 (frozen) 
И ES --20 $ 2122 Nitrobenzol ...... --10 со 99 
EE. i 17 75 33.2 ты а: —5 4 42.0 
Ргору vr --120 со 46.2 иц Т 0 ч 41.0 
Ші; --60 st 33.7 E ...... +15 М 37.8 
с... 0 j 24.8 я 30 ш 35.1 
LE cui +20 22А И: n. 18 5 36.45 
S 15 75 12.3 EN A 17 73 34.0 
Асеїопе ......... --80 со 33.8 Осеапе ни 17 со 1.949 
EU... 0 $ 26.6 Oils: 
ШЕСІ... 15 1200 21.85 Almond ....... 20 со 2.83 
D oes 17 73 20.7 Castor ree. 54. 11 " 4.67 
Асейс ас ...... 18 со 9.7 Сора ЕК ue 20 а 3.11 
ч ECC ON 15 1200 10.3 Cottonseed ..... 14 ʻ 3.10 
Е БІРІНЕ. 17 200 7.07 Lemon ........ 21 ii 2.25 
i DS. 19 75 6.29 Linseed ........ 13 E 3.35 
Amyl acetate ..... 19 со 4.81 Neatsfoot ...... — Е 3.02 
Ату[епе......... 16 M 2.20 Оцени. 20 i 3.11 
Aniline .......... 18 со 7.316 Peanut o res 11.4 È 3.03 
Benzol (ђепгепе).. 18 e 2.288 Petroleum ..... -- 2000 2.13 
К 4 b. 19 73 2.26 Petroleum ether 20 со 1.92 
Вгопипе ......... 23 84 3.18 Rape seed ...... 16 к 2.85 
Carbon bisulfide .. 20 со 2.626 Sesame ........ 13.4 ы 3.02 
B " е 17 73 2.64 SPERM с 20 317 
Chloroform ...... 18 со 5:2 Turpentine ..... 20 и 22% 
ЧИ а 17 73 4.95 Vaseline ....... — G 2.17 
Djecane v a 14 со 1.97 Рһепо! .......... 48 73 9.68 
Decylene ........ 17 s 2.24 Toluene .2....... —83 со 2-3] 
Ethyl ether ...... —80 со 7.05 ES в +16 ý 2.33 
E ОРО NUM —40 Ы. 5.67 NEN. ж 19 73 2:9] 
Ы ы! ГІЛІ 0 ч 4.68 аге... 18 со 81.07 
н Уо 18 ч 4.368 (for temp. coeff. 17 200 80.6 
У Пн 20 » 4.30 see Table 440.) 17 74 81.7 
а” баларды 60 Ы 3.65 17 38 83.6 
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426 TABLE 440.—DIELECTRIC CONSTANT OF LIQUIDS 
Temperature coefficients of the formula: Ke = K,[1 — a(t — 0) + 8(t — 0)] 





Temp. 

Substance a B range, °C 
и асе а{е ........... 0024 --- --- 
Aniline ........ ПОМЕНЕ. ас 00351 — — 
Вепгепе ............... .00106 .0000087 10-40 
Carbon bisulfide ........ .000966 --- — 

ч EU CENT... .000922 .00000060 20-181 
CHIGCOIOTM ............ 00410 000015 22-181 
Ешуінеһес ............ 00459 = = 
Methyl alcohol ......... .0057 --- — 
Е Айһйпопа ......... 00163 ‚000026 2a 

Шао... 01067 — = 
Уе... .00364 — == 
Parafin 2... 000738 0000072 
Және ice cova cess 000921 — 0-13 
Б; 000977 00000046 20-181 
ЛЕ et ic oes vu caves 004474 — 5-20 
ЖОЛКУ С исо с: „004583 ‚0000117 0-76 

ШІ” 00436 --- 4-25 

Meta-xylene ........... .000817 -— 20-181 


———— M — ——— t€ — Á——9M — ———— — M ——— a ү —уү—————-+——г 


TABLE 441.—DIELECTRIC CONSTANT OF LIQUEFIED GASES 
A wavelength greater than 10000 cm 1s designated by 99. 








5 E 
E: SE 
F F 
Temp «c Dielectric Temp. ч 5 Dielectric 
Substance С >= constant Substance EC i constant 
АШ... --191 со 1.43, 
йл <> Ж ы. “ 75 1.47-1.50 Nitrous oxide 
Ammonia ........ —34 7 21-23 : М:О --88 со 1.93; 
0 ee 14 130 16.2 и “ 2 ЖЕ-<5 а 1.63, 
Carbon dioxide ... —5 ос 1.60, “ г . +45 б 1.57 
E д T 0 a 1.58; " н 7 Б i 1.520 
“ Б +10 " 1.54, Oxygen... ene: —182 Ы 1.49, 
т ü +15 E 1:525 <. m И 1.46; 
Chlorine ......... --60 i 2.15, Sulfur dioxide 14.5 120 13.75 
EE o os. —20 | 2.03, 4 “ 20 со 14.0 
EM o ~ 0 i 1.97 e с 40 ч 125 
И: +10 е 1.94, “ “ 60 ы 10.8 
НИ“... а К 2.08 ч M 80 И 9.2 
EM s. +14 100 1.88 " “ 222 00 = 7.8 
Суапореп ........ 23 84 2:52 ч da WE > 6.4 
Hydrocyanic acid . 21 “ — about 95 + б ... 140 k 4.8 
Hydrogen sulfide . 10 oo 5.93 Critic s. 154.2 i 2.1 
“ “ . 50 “ 4,92 
Ы ШЕ; 90 р 3.76 
TABLE 442.—DIELECTRIC CONSTANT OF ROCKS * 
Wave- Dielectric Wave- Dielectric 
р length, constant, length, constant, 
Material cm range Material cm range 
Chalk, | Limestone .......... see 8.0-12.0 
middle Devonian .. ee 8.0-9.0 Marmorized limestone 3X10‘ 15.2 
Coral dolomite ...... xt 8.0-9.0 Mica schist To TT e 16.0-17.0 
ПАСА л E 7.0-9.0 Sandstone, variegated... 9.0-11.0 


и 


* For reference, see footnote 45, p. 136. 
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TABLE 443.—DIELECTRIC CONSTANT OF SOLIDS 


427 


nF 


Wave- 


Wave- 
length, Dielectric 


Condi- length, Dielectric Condi- 
Substance tion cm constant Substance tion cm constant 
Asphalt eee... - о 2.68 Дш 
Barium sulfate ... — 75 10.2 Рарег (telephone) . "D “ 20 
Caoutchouc oas — oo 222 (саМе = ж Чоро 
Diamond ........ = в 16.5 Рагашт ОООО Melting E 2.46 
РТС... = 75 5.50 К point ui 2:52 
ЕБопие .......... — со 222 о. 44-46 d 2.10 
СОИ... - ч 2.86 Мы: ДС. 54-56 “ 2.14 
Е. — 1000 2:95 DI — mE Ж c ы Ar 
ш " m NE Б 
хіга һеа 4,5 оо 9.90 Phosphorus: 

E i ш «Mellow.» E 75 3.60 
(very light).. 287 ^^ 6.61 У ОНА e - 80 4.1 
Hard crown .... 2.48 % 6.96 Liquide: — 80 3.85 

МОР лу. — "  6.44-7.46 Porcelain: 
Зи, — “  5.37–5.90 Нага 
EET seu — 600 5.42-6.20 (Royal B' pe — Ж 573 
Lead (Powell)..3.0-35 © 54-80 берег“ ^ = 422-661 
Јепа Figure“ “ — 6.84 
Boron e... — ш 5.5-8.1 Selenium ........ - ý 7.44 
Barium ...... — ы 7.8-8.5 P — 75 6.60 
Borosilicate .. = ч 6.4-7.7 | и. — n О 
оре риса Temp d She M кк EU 
"C № — * 2,95-3.73 
о 58 => Г р ШГ н Ен “ d 
HM Ss --1 do aA Der EE == = 286 
У, ees E v dvo E 
Iodine (cryst.) ... 23 73 4.00 Amorphous .... em со 3.98 
Lead chloride “ _ 75 3.80 
(powder). — OE Cast, fresh ..... = со 4.22 
нае... — E 16 E КЕСЕ = “ 4.05 
“sulfate isss — С 28 “ Xt M 75 3.95 
" molybdenate. — “24 Cast, old ....... = со 3.60 
Marble (Carrara). — i 8.3 SE 1 = 75 3.90 
Муса“ ы; -— < 5.66-5.97 near 
oo ee -- “  5.80-6.62 ша 77 кейін со 3.42 
Madras, brown . — E 2,5-3.4 point 
green .. — b 3.9-5.5 Strontium sulfate . — 75 11.3 
" ruby <» — » 4.4 Thallium carbonate = 75 17 
Bengal, yellow . — И 2.8 “ nitrate .. — 75 16.5 
s white .. — а 4.2 Wood dried 
d ruby = E 4.2-4.7 Red beech ..... | fibers co 4.83-2.51 
Canadian amber. — i 3.0 “ ша ет p «4 7.73-3.63 
South America . — s 5.9 (AINE oiv vs || “ *  4.22-2.46 
Ozokerite (raw) .. — К 2:2] а а аса died “ 6.84 3.64 





TABLE 444.—ELECTROSTRICTION * 
Electrostriction is a change in the dimensions of a dielectric proportional to the square 
of an applied electric field. The effect is very small except for bodies of very high dielec- 
tric constant or high mechanical compliance." * 


Typical values for— 


Barium titanate 


Glasses Rubber polycrystalline 
0.1 to 0.710" 7 XxX 10” 100 X 10° cm'/statvolt 
transverse longitudinal longitudinal 


* Prepared by Hans Jaffe, Brush Development Co., Cleveland, Ohio. 


n, ¢ Letters refer to references, p. 431 
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TABLE 445.—STANDARD SOLUTIONS FOR THE CALIBRATION OF APPARATUS 
FOR THE MEASURING OF DIELECTRIC CONSTANT 





Ethyl alcohol in 
water at 19.5°C 


AO 
Diel. Acetone in Бепгепе аї 19°С А == 75 ст 
const. Per- Dielec- 
аї 18°С Percent Density Dielectric Temp. cent by tric 
Substance N= 60 by weight 16°C constant coefficient weight constant 
Benzene .............. 2.288 0 885 2.26 1% 100 26.0 
Meta-xylene .......... 2.376 20 .866 5.10 53 90 29.3 
Ethyl ether ........... 4.56 40 847 8.43 E 80 33.5 
ле 2............. 7.299 60 .830 12.1 5 70 38.0 
Ethyl chloride ........ 10.90 80 813 16.2 5 60 43.1 
O-nitro toluene ....... 27.71 100 .797 20.5 6 
Nitrobenzene ......... 36.45 
Water (conduct. 107?) . 81.07 
Water in acetone at 19°C A=75 ст 
0 .797 20.5 6% 
20 ‚856 31.5 5 
40 .903 43.5 S 
60 .940 57.0 „5 
80 ‚973 70.6 ‚5 
100 999 80.9 E 
TABLE 446.—DIELECTRIC CONSTANT OF MINERALS * 
Dielectric constant 
Wavelength, 
Materia! cm Range l axis | axis 
Ка ВА. о аи певања 27 а ай 
Е е 29 T 7.85 6.05 
Coal, anthracite ........ ... 5.6-6.3 a DE 
Blüortel. see o 6.8 
Glass, flint ex. heavy ... ... 9.9 
Glass, hard crown ...... ... 7.0 
Glass, Jena barium ..... ... 7.8-8.5 
Glass, lead (Powell) .... ... 5.4-8.0 
GYPSUM aeaea a a 6.3 
E E L a ai 93.9 E - 
Гсејапа граг ........... 75 M. 8.50 8.00 
Ошаг{2, їшей .......... nar 3.5-3.6 Ж" ып 
Sulfur, amorphous ...... ... 3.9 
* For reference, see footnote 45, p. 136. 
TABLE 447.—THE DIELECTRIC PROPERTIES OF NONCONDUCTORS 
Results of tests at unit area and unit thickness of dielectric 
At 1000 cycles Mica Paper Celluloid Ice 
Max. breakdown volts per cm.......... 1.06 10° 71x10? 1.05 х 108 001 10° 
Specific апацо capacity обе... Т... 4.00 4.90 13.26 6.40 
Max. absorbable energy, watts-sec/cm?. .198 .108 .640 .00040 
909-апрје ог 1еад...................... (1852: 2% 10! 39 40” 139 39” 
Equiv. resistance (ohm-cm) x 10" ,.... 3.91 9.84 48.3 1400 
Conductivity, 1/(ohm-cm) X 10° ..... 2.56 1.02 ‚207 00722 
Percent change in cap. per cycle X 10'*.. 2.18 14.31 30.7 0.0 
Percent change in resistance per cycle... .258 .146 .106 ‚127 
At 15 cycles 
Specific inductive capacity............. 4.09 5.77 18.60 429.0 
Max. absorbable energy, watt-sec/cm?.. .203 .126 .90 .002 
Percent change in capacity per cycle.. .00 .306 1.74 1.59 
On direct current 
Conductivity, 1/(ohm-cm) ............ 242541021" 2.2/7 X:107*. 71 55510845 163.107! 
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TABLE 448.—VALUES OF DIELECTRIC CONSTANT FOR SEVERAL ELECTRIC 
INSULATING MATERIALS AT RADIO FREQUENCIES 


Frequency Dielectric Frequency Dielectric 
Material ke constant Material ke constant 
Glass л сузу... 30 5.1-7.9 Phenolic insulation: 
Cobalt .......-. 500 7.3 laminated ..... 190 5.0-7.4 
GLOW ........ 230 6.3 1000 4.7-7.0 
800 6.2 molded ....... 190 4.3-7.6 
M oun 500 7.0 1000 4.9-7.0 
890 7.0 Rubber, hard ...... 135 3.7 
photographic 100 75 210 3.0 
1700 7.4 1126 3.0-3.7 
plate: и 500 6.8-7.6 Wood 
Руте eee 30 4.8 ps co PNE 870 3.8 
500 4.9-5.8 bitch ......... 500 52 
Marble 222. 44 8.4 maple ........ 500 44 
80-650 9.2-11.7* oak domo. 300 3.11-6.7 
1400 7.3 425 243 
а... 100-1000 5.8-8.7 635 3.01-6.5 
1060 3.3 
* Range of 10 samples of various kinds of marble. + After drying sample for 48 hours at 80°C. 


TABLE 449.—COMPARISON OF ELECTRICAL PROPERTIES OF INSULATING 
MATERIALS AT ROOM TEMPERATURE ** 


Intrinsic dielectric strength 


Volume 

Thickness Dielectric resistivity 

Material (mm) (КУ /ст) constant (ohm-cm) 
Cellulose acetate ............. .025-.12 23001 5.5 107 

Glass: 

borosilicate No. 7740 (Pyrex) .10 4800* 48 10° 
soda lead 42259890 а .10 3100* 8.2 104 
soda тез ан .10 4500* 7.0 103 
Mica, muscovite clear ruby .... .020–.10 3000—82001 7.3 10" 
Phenolic resin ................ .012-.04 2600-33001 5 10" 
Porcelain, electrical .......... — 380t 4.4-6.8 10“ 
Porcelain, steatite—low 1055 .. — 5001 6.0-6.5 10” 
Sica used И а — 5000* 35 109 
Rübber hard еее .10-.30 21501 2.8 10° 


** Table from Corning Glass Works publication on Properties of Selected Commercial Glasses (B-83). 
* Values of P. H. Moon and A. S. Norcross, Trans. Amer. Inst. Electr. Engr., vol. 49, p. 775 (1930). 
+ Values of S. Whitehead. World Power, p. 72, September 1936. 


Intrinsic dielectric strength can be realized only under test conditions and is very much 
higher than the working dielectric strength attainable in ordinary service. These data are 
listed for purposes of comparison. 
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cgs system, К„асичт == 1 


The dielectric constants,t К, given here have usually been determined at low field 
strength (order of 1 volt/cm). Unless specifically noted, the frequency is between 60 
cycles/sec and 5 megacycles/sec. Homogeneous crystals show little dispersion in this 
frequency range unless they are strongly piezoelectric or have very high dielectric constant. 
For some strongly piezoelectric crystals, the notation “free” appears in the frequency 
column. Dielectric constants so noted hold for the mechanically unconstrained condition 
which is usually fulfilled for frequencies below the principal mechanical resonances of the 
test body. The dielectric constants for the “clamped” crystal are smaller than for the 
"free" crystal. The difference does not exceed 10 percent except for Ka of Rochelle salt 
(see fig. 16) and Kl| of barium titanate. 

Ka, K», and Ke for orthorhombic crystals refer to electric field parallel to the crystallo- 
graphic a, b, and c axes. 

For monoclinic crystals, K» refers to electric field parallel to the b axis which is the 
symmetry axis; K. to field parallel to the c axis accepted by crystallographic convention ; 
and K, to an electric field perpendicular to the b and c axes. 


* Tables 444, 450, and 451 prepared by Hans Jaffe, Brush Development Co., Cleveland, Ohio. t All 
data refer to room temperature unless otherwise noted. 


Cubic crystals 


Compo- Author- Compo- Author- 

Name sition K ity 149 Name sition K ity 

Silver chloride ... AgCl 12.3 g Sphalerite ....... 215 8.8 е 

Silver bromide ... AgBr 13.1 g Sodium chlorate .. NaClO; 5.7 h 

Lithium fluoride .. LiF 9.00 + Sodium bromate .. NaBrOs 5.7 h 

Sodium chloride .. NaCl 590 f Magnesium oxide . MgO 965 fí 

Potassium chloride KCI 468 g Potassium bromide KBr 490 fí 

Barium oxide .... BaO 34. о Thallium chloride. ТІСІ 31.1 g 

Uniaxial crystals 
Name Composition K I К | Frequency Authority 
Она го. 510; 4.5 4.6 b 
О... CaCO; 8.78 8.29 е g 
Sapphire... rese АО: 8.6 10.5 10107 f 
КОСЕ е, ТО 86 170 105—10* Е 
Barium titanate ....... BaTiOs 4400 200 2—10' 1 
Tourmaline ........... T 8.2 7:5 E h 
Magnesite ............ MgCO: 6.91 8.1 g 
Dihydrogen phosphates and arsenates : 
4 EE s NH,H;PO, 56 15.4 free d 
BED TT KH;PO, 46 22 ігее һ 
ВА... МН.Н,Аз$0. 75 14 free d 
ША... КН,А$0. 52 22 free d 
Orthorhombic crystals 

М Я Author- 
ame Composition Ka Къ Ke Frequency ity 
Sou 22722220252; 5 3:78 3,95 4,45. 10%х10% { 
ЕЕЕ. SrSO, 7.7 18.5 8.3 4x10? g 
Barite a e Т Ва50, 765. 122 77 4x10? g 
Anglesite Wc E 7 PbSO, 2/5 54.6 27.3 5x10'—10? g 
Epsomite MERE IER MgSO,:7H;0 6.5 7.9 6.9 б k 
Ammonium oxalate .... (NH,).C.0.-H.O 8.2 5.9 6.0 free k 
Potassium pentaborate . KB;O.-4H:O 4.6 55 4,5 free d 
в ам. а... HIO: 7.5 12.4 8.1 free h 





149 For authorities, see references, p. 431. 
t Synthetic, Linde Air Products Company. 


(continued) 
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TABLE 450.—DIELECTRIC CONSTANT OF CRYSTALS (concluded) 


Author- 
Name Composition Ka Kv Kc Frequency ity 
Tartrates: 
Rochelle salt ........ NaKC,H,O«4H;O 8.0 E яс 25х10“ ћ 
ш ЗОРИ 5. 300 9.4 96 ігее с, ) 
NaNH.C,H.0.'4H:O 9.0 8,9 10.0 free h 
LiKC,H,O. У H:O 5.84 7.32 7.4 free h 
LiN Н.С.Н.О, s Н.О 752 8.0 6.9 free h 
Monoclinic crystals 
Lithium sulfate ........ LiiSO,.:H;O 5.6 10.3 6.5 free h 
Tartaric acid@ и С.Н.О, 4.3 4.3 4.5 ігее ћ 
Potassium tartrate .... К,С.Н.О,:5Н,О 6.44 5.80 6.49 free h 
Ammonium tartrate ... (NH.)2CiH.Oc 6.45 8.2 6.0 free h 
Ethylene diamine 
tartrate (EDR) э. C.N2Hs° CaHeOc 5.0 8.22 6.0 free h 
§ See also figure 16. 
REFERENCES: a, Bechmann, R., and Lynch, A. C., Nature, vol. 163, p. 915, 1949. b, Cady, W. G., 


Piezoelectricity, McGraw-Hill, New York, 1946. с, Hablützel J. Helvet. Phys. Acta, vol. 12, p. 489, 
1939. d, Jaffe, H., The Brush Development Co. 'Report to U.S. Signal Corps on synthetic water- 


soluble piezoelectric crystals, April 1, 1948. e, Jaffe, H., personal communication. f, Laboratory 
for Insulation Research, Massachusetts Inst. Techn. Tables of Dielectric Materials III, 1948; and per- 
sonal communication. g, Landolt Börnstein Tables, 5th ed. h, Mason, W. P., Piezoelectric crystals 
and their application to ultrasonics, E Nostrand Co. New York, 1950. i, Merz, W. J., Phys. Rev., 
vol. 75, p. 687, 1949. y Mueller, H., Phys. Rev., vol. 47, 1175, 1935; уој 58, р 565, 1940. К, 
Naval Research Laboratory, Crystal Section. 1, Spitzer, F., Dissertation, бар аза 1938, m, 
Standards on piezoelectric crystals, Proc. Inst. Radio Eng., vol. 37, p. 1378, 1949. n, International 


Critical Tables, vol. 6. o, Bever and Sproul, Phys. Rev., vol. 53% р. 801, 1951. 


1,000 


100 


| 


%23.79С 





-60 -40 -20 0 20 40 60 


Temperature °C 


Fic. 16.—Dielectric constant Ka of Rochelle salt. Curve A: free condition (audio 
frequency); curve B: clamped condition (radio frequency). 
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In this table are listed piezoelectric strain coefficients * dam which are ratios of piezoelec- 
tric polarization components to components of applied stress at constant electric field 
(direct piezoelectric effect) and also ratios between piezoelectric strain components to ap- 
lied electric field components at constant mechanical stress (converse effect). The sub- 
cripts n — 1 to 3 indicate electric field components, m — 1 to 6 mechanical stress or strain 
components. These components are referred to orthogonal coordinate axes. For correla- 
tion of these to crystallographic axes, we follow Standards on Piezoelectric Crystals." 

In the monoclinic system, indices 2 and 5 refer to the symmetry (b) axis, in distinction 
from the older convention ^ relating indices 3 and 6 to the symmetry axis. Crystal classes 
are designated by international (Hermann-Mauguin) symbols. A dot in place of a coeffi- 
cient indicates that it is equal by symmetry from another listed coefficient; a blank space 
indicates that the coefficient is zero by symmetry. If the sign of a coefficient is not given 
it is unknown, not necessarily positive. 


Unit for di4 — 107? statcoulomb/dyne == x 1077 coulomb/newton 
= 10° cm/statvolt = i < 10°” meter/volt 


* The coefficient d,, of Rochelle salt is extremely dependent on temperature and on amplitude. The 
ratio of dj, to dielectric constant K (for the latter see figure 16) is, however, nearly constant; 4та,/Кс- 
914 = 6.4X10-7 statvolt cm/dyne. 

m Letters refer to references, p. 431. 


Cubic and tetragonal crystals 


Name Composition Class а, dog Authority} 
Sphalerite ............ ZnS 43m 9.7 b 
Sodium chlorate ....... NaClO: 23 5.2 1 
Sodium bromate ....... ХаВгОз 23 7.3 : I 
ОБР Е NH,H;PO 42m — 1.5 +48.0 d 
GD ee ото К Н.РО. 42m + 1.3 ШЕЛІ е 
ТАШЛАНЫ TA МН.Н.А$0. 42m +4] 4-31 а 
ЕТО а. K H;AsOQ, 42m +23.5 +22 d 


Trigonal crystals 


Name Class аһ а, dis dog da ала Authority 
OUA 2775... 32 +6.9 --2.0 b 
Tourmaline ........... Зт +110 —94 +96 +54 b 


Orthorhombic crystals 


Substance Class а, dos dao Authority 
Epsonnte о с... 222 --6.2 —8,2 —11.5 ] 
lodo acid 6... 222 57 46 70 һ 
Rochelle salt (30°C) ... 222 +1500* —160 +35 b 
NaN Hı tartrate k... 222 +56 --150 --28 b 
EiK tartrate Ж ...... 222 9.6 33.6 22.8 ћ 
ШАН, {аг{та{е ....... 222 13.2 19.6 14.8 h 
(NH) oxalate ....... 222 50 11 25 е 

dis da ат, da» dag Authority 
K pentaborate ......... mm 9.5 1.7 —5.4 0 +5.6 d 


Monoclinic crystals (Class 2) 


Substance du die dg dos do аж аз @зв Authority 
Lithium sulfate — un +14.0 —12.5 +11.6 —45.0 —5.5 +16.5 —26.4 +10.0 h 
Тагїагїс асї@ .......... +240 +15.8 —2.3 —6.5 —6.3 +1.1 —32.4 +350 h 
K; tartrate (DKT) .... —25 +65 —2.2 .-85 —104 —22.5 +29.4 —660 h 
(NED): tartrate ....... +93 —8.5 +17.6 —26.2 +1.8 —5.9 —14.0 +5.6 1 
EDI. EUST —31.1 —36.5 +30.6 -6.6 —33.8 —54.3 —51 —56.9 а 

(Ethylene diamine tartrate) 

Cane опғағ ........... —3.7 —7.2 444-410 422 —2.6 —1.3 +13 b 


(continued) 
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Polarized polycrystalline substance 


dis аз da Authority 
Barium titanate ceramic .......... 750 --235 4-570 е 
00 





TABLE 452.—VALUES FOR POWER FACTOR IN PERCENT FOR SEVERAL 
ELECTRICAL INSULATING MATERIALS AT RADIO FREQUENCIES 


From the range of values given, an approximate figure can be taken for a particular 
material and its relative position with respect to other materials seen. Data of this kind 
are much affected by the condition and past treatment of the samples and by the conditions 
of the tests. The power factor and dielectric constant of dry air may be taken as 0 and 1.00. 
Fused quartz has the lowest power factor among the solid insulating materials, and is 
used for supporting the insulated plates of standard air condensers. 


Frequency Power Frequency Power 
Material ke factor Material ke factor 
Amber eenas 187.5 .459 Paraffin ....... 14 .042 
300 476 100 .017- .031 
600 .495 500 .026 
1000 .514 1070 .034 
Та ET 30 .35 — 2.98* Рћепоћс 
600 .040- .6531 insulation : 
cobalt «ут. 500 ‚70 laminated || . 190 2.62 - 8.0 
В Es 500 .42 1000 3.85 — 6.65 
890 .40 molded Il ... 190 1.64 -10.9 
photographic 100 .95 1000 1.56 - 8.4 
235 ‚86 Rubber, hard .. 135 .68 
1700 N 315 .70 
Тасе ла 14 97 600 62 
100 77 - 93 625 .70 
500 66 - .70 710 ‚88 
635 ‚82 1000 68 
1000 62 1085 .74 
Ругек 22. 14 88 1126 1.05 
30 IDOL 56 Wood: 
100 58 - .74 рау. 870 3.76 
420 .50 birch ieee 500 6.48 
500 42 - 67 maple ..... 500 3.33 - 3.63 
750 .68 Oa ООШ 300 2.941--13.8 
Мајен c 80–650 .35 - 4,722 635 3.241--10.1 
а 600 .007- .938 1060 4.20 
* Range of 9 samples. t Range of 27 samples. i Range of 10 samples. § Range of a number 
of samples from different localities. || Range of several samples. T After drying 48 hours at 80°C. 


Ба ———— 
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Antenna arrays (figs. 17-19).—The basis for all directivity control in an- 
tenna arrays is wave interference. By providing a large number of sources of 
radiation, it is possible with a fixed amount of power greatly to reinforce radia- 
tion in a desired direction by suppressing the radiation in undesired directions. 
The individual sources may be any type of antenna. | 

The radiation patterns of several common types of individual elements are 
shown in figure 17. The expressions hold for linear radiators, rhombics, vees, 
horn radiators, or other complex antennas when combined into arrays, pro- 
vided a suitable expression is used for A, the radiation pattern of the individual 











di 
yes of v EUM horizontal 3 , | verticol 
rodiator istribu Fu ЕВ 
(Ө) = 
? т 
На маме tos (: sin ) F (8l = KIN 
dipole К = 
cos 0 
== cas 0 
Shortened 
Fié) > K cos 8 Fig) = Ki) 
dipole 5 г 
БІН = 
] 4 
p CET : Б (= біп ) -— Cos 3 Fig) = Kil) 
cos 6 

En. i 
оор у 

M 

M 
маш h Е = КИ Fig = К' 1) 

Т оға 12 

phased 90? 


0 = horizontal angle measured from perpendicular bisecting plone 
B = vertical ongle measured from horizon 


K and K’ ore constonts and K’ > 0.7K 


Fic. 17.— Radiation patterns of several common types of antennas. 


antenna. The array expressions are multiplying factors. Starting with an in- 
dividual antenna having a radiation pattern given by A, the result of combining 
it with similar antennas is obtained by multiplying 4 by a suitable array factor, 
thus obtaining an A’ for the group. The group may then be treated as a single 
source of radiation. The result of combining the group with similar groups, or, 
for instance, of placing the group above ground, is obtained by multiplying A’ 
by another of the array factors given. 

The expressions given here assume negligible mutual coupling between in- 
dividual antennas. When coupling is not negligible, the expressions apply only 
if the feeding is adjusted to overcome the coupling and thus produce resultant 
currents that are of the amplitude and relative phases indicated. 


“раса arranged by Newbern Smith and Marcella Phillips, Central Radio Propagation 
Laboratory, National Bureau of Standards. 
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One of the most important arrays 1s the linear multielement array where a 
large number of equally spaced antenna elements are fed equal currents in 
phase to obtain maximum directivity in the forward direction. Figure 18 gives 
expressions for the radiation pattern of several particular cases and the general 
case of any number of broadside elements. 

In this type of array a great deal of directivity may be obtained. A large 
number óf minor lobes, however, are apt to be present, and they may be unde- 
sirable under some conditions, in which case a type called the binomial array 
may be used. Here again all the radiators are fed in phase but the current is not 
distributed equally among the array elements, the center radiators in the array 


configurotion of array | expression for intensity F(6) 
АШ 
o 
A 


а е БЕСІ 


«А 


А А 
о © A + 2A [cos (5° зіп 0)] 
E 
A 


A 
t 
A 
o 
% Ф 4А E (5° сіп 01 cos (5 sin 2] 


е ө 
deren 


52 
sin (r — sin ) 
m rodiators all 
о 
lgeneral cose) | C ) 
sin 2 сіп 0 


A = ] for horizontal loop, vertical dipole 


cos (5 sin ) 
A — 


— ——— — for horizontal dipole 
cos 0 


s? = spacing of successive elements in degrees 


Fic. 18.—Linear multielement array broadside directivity. 


being fed more current than the outer ones. Figure 19 shows the configuration 
and general expression for such an array. In this case the configuration 
is made for a vertical stack of loop antennas in order to obtain single-lobe 
directivity in the vertical plane. If such an array were desired in the horizontal 
plane, say » dipoles end to end, with the specified current distribution the 
expression would be 


FO) = 257 E 7/2 sin 1 соза (Т IDE 


cos 0 


The term binomial results froin the fact that the current intensity in the suc- 
cessive array elements is in accordance with the binomial expansion (1 + 1)™?, 
where is the number of elements. 
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SMITHSONIAN PHYSICAL TABLES 


436 


configuration of оттау | expression fer Intensity F(S) 
Pa В cos B[1] 
о 





% f 2 cos B | cos = сіп 
AD. | | е Й 





‚© Ф! , | 
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9 $1 





er LS 


© 


el 
г! 97 B 5° 
Т — 2 25 cos 8 [ cow (5 сіп в) 


1} o 
9 $! 24 соз al cos e sin в) 





and in general: 
= 
г О» = Qe ое о, 
i__ 2 
о» $. where n is the number 


of loops in the array 
10 ©з 


Fic. 19.— Development of binomial array. 


TABLE 453.—DIELECTRIC CONSTANT OF NONPOLAR GASES !*» 
at 0*C and 76cmHg 


Gas (K—1)x109 Gas (K—1)x109 Gas (К—1) х 106 
Helium м... 69.2 Hydrogen ...... 272 Carbon dioxide.. 988 
Neon seat 134.1 Охугеп ........ 5325 Air (CO. free).. 570 
Arpon V m 2... 554.2 Nitrogen ....... 580 





1% Jelatis, J. G., Journ. Appl. Phys., vol. 19, p. 419, 1948; Hecter, L. G., and Woernley, D. C., Phys. 
Rev., vol. 69, p. 101, 1946. 
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TABLE 454.—DIELECTRIC CONSTANT AND LOSS TANGENT OF DIELECTRIC 
MATERIALS '5 


The following table presents values of dielectric constant," e’ (relative to that vacuum e) and 
loss tangent, tan 6, for various substances at the frequencies ‘and temperatures indicated. The loss 
tangent, tan ô, is identical with the power factor, cos 0 (or sin 6), for low loss substances. The 


table shows it multiplied by 10*. 
Part 1.—Solids 


Temp. Frequency, cycles per second 
Materials С 
А. Inorganic 1Х102 1Х103 1Х109 1Х108 1% 10109 
1. Crystals 
Ice * о Кн» >: —12 «/е 4,15 3.17 
tan à 1200 7 
Sodium СШогде” ........... 25 є/« 590 590 5.90 5.90 
tan <l 1 <2 5 
2. Ceramics 
a. Steatite bodies 
AISIMag 2115 5 ова. са 25 е4/ө 600 5.98 5.97 5.96 5.90 
tan 6 92 34 5 4 14 
b. Miscellaneous 
Ruby MiC 222. 26 e/a 5.4 5.4 5.4 5.4 
tan ô 25 6 3 2 
Муса1ех К 10°............ 24 e/o 9.5 9.3 9.0 11.3%% 
tanó 170 125 26 40 
Porcelain, dry process? ..... 25  e/e& 5.50 5.36 5.08 5.04 4.74 
tanó 220 140 75 78 156 
3. Glasses 
Woroinge Nov/90 m 20 еа 385 385385 3.82 
tan 6 6 6 6 9.4 
(Соте МОМ О слана са 24 </в 8.40 8.38 830 8.20 7.94 
tan à 4 4 5 9 42 
Hoang la Sime... See ares. a arte ee os 23 є/% 900 82.5 17.5 5.49 
tand 1500 1600 3180 455 
Бисен... 25. e/a 378 378 3250955 3.78 
tanó 8.5 7:5 2 1 1 
B. Organic, with or without inorganic components 
1. Crystals 
Naphthalene" $5... eec 25 <«/е 285 285 
tan ô 19 3 
2 РІП 
a. Phenol-formaldehyde 
Bakelite BM-16981" ,...... 25 е/ө 505 487 472 4.62 4,52 
(powder preheated) P tan ó 190 160 72 56 82 
о а a 26 е/ө 523 5.15 460 4.04 3.551 
(field | to laminate) .... tanó 230 165 340 570 7001 
b. Phenol-aniline-formaldehyde 
Кеб по 1015“ ‚........... 25 «<4/ө 464 4.55 4.37 4.30 4.25 
(preformed and preheated) tanó 160 137 62 77 124 
c. Melamine-formaldehyde 
Formica grade FF-4155 
(sheet St0ek ae) erroe 26 e/a 615 600 575 25 
tanó 400 119 115 200 
Melmac resin 592 ........ 27 </е 670 625 520 470 4,59 
апд 590 470 347 360 434 
d. Urea-formaldehyde 
Plaskon urea, natural” ..... 22 «/6 741 6.7 6.0 5.2 4.65 
tanó 380 280 310 500 782 
e. Hexamethylene- adipamide 
iNxlon 610 ЕЕ. 25 e/a 360 350 314 3.0 
tanó 155 186 218 200 
МУП С Шы с/о 90 4.2 3.2 3.0 
90% һипийну ........... tanó 650 640 380 220 


151 These data were selected from Tables of Dielectric п, volume 3, Laboratory of Insulation Research, 
Massachusetts Institute of Technology, Cambridge, Mass., June 1948. 

* € is used for dielectric constant in this table in the place of K. 

* Numbers refer to notes at end of table. 

** Not corrected for variations of density. 

t Rod stock in H (TEn) made of circular wave guide. 
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TABLE 454.—DIELECTRIC CONSTANT AND LOSS TANGENT OF DIELECTRIC 
MATERIALS (continued) 


Temp. Frequency, cycles per second 
Materials C 
f. Cellulose derivatives 1x10? TO Ое 
(1) Acetates 
Tenite II 205A H.. 
(cellulose acetate) 26  «c/e 354 3.50 328 3.05 


(butyrate) ........ tan ô 78 107 178 190 
(2) Nitrate 
О о 27 «</е 108 8.4 6.6 52 332 


tan 6400 1000 644 1030 1310 
(3) Ethyl cellulose 


Ethocel No. 28407 .. 25 &/e 390 380 340 320 
апд 75 210 275 240 
g. Silicone resins 


ро. 25. сув А У 20 2.9 20 
tan ô 70 56 45 45 
h. Polyvinyl resins 
Polyethylene DE-3401” ... 25 4/е 226 226 226 2.26 
tan 6 <2 <2 <2 3.6 
МшушеОуМА о. 20 е<4/ө 318 310 2.88 2.85 
tan à 130 185 160 81 
Закан В-115ж .. 3... 23 є«/е 4.88 465 318 282 2.70 
tanó 800 630 570 180 51 
Lucte- FEMSIIOS AE... 1:28. 23  «/e 3.20 294 263 258 2:57 
tanó 620 440 145 67 40 
Pob styrene” 2.2... 25 «</, 256 256 2.6 255 2.54 
(commercially molded) апа 5I 57 7 «1 4.3 


Sheet stock с се 
3. Elastomers 


Неуеа НЕТ, aes ceases 25 е/ө 2.4 24 2.4 2.4 
tan ô 28 18 18 50 
Gutta-perchacw Seo... eee es 25" €/e 1261 250 25 07/17 2.38 
tan ô 5 4 42 120 50 
ОВ (В. 26. 7ң/е 266 26 256 257 2.44 
compound tan ó 7 9 120 95 50 
GR-I (Bütyl rubber) =... 25. ""/« 239 #2385 235 625 2.35 
tan à 34 35 10 10 8 
Меоргепе СК-М%,,,,,......... 20 eA 5 6.5 5:4 3.4 
tanó 8000 860 950 1600 
4. Natural resins 
АНЕ ТС PTT 25. се је 20 2.7 2.65 
tand 12.5 18 56 
Shellacwnatutal Xie... <1 0s. 28 є/% 386 381 347 310 
tan ô 65 74 310 300 
5. Asphalts and Cement 
Plicene cement ................ 25 є/« 248 248 248 247 2:35 
Тап0 4209 355 7255 15 6.8 
6. Waxes 
Apiezon wax “М” ............ 22 «</ө 275 269 2.63 
tand 186 120 25 
Beeswax, white? .......sesosse. 23 d/a 12:05 O > 4008. 2 30 2.35 
јап 6 140 118 84 60 48 
Сге white 7 25 «је 23 23 2,3 23 2.24 
tan 6 8 6 4 4 6.5 
Раги а eaeeae ea ra Aa 25 есеје 225 2224 225 725 2.24 
1322 А5ТМ tan <2 <2 <2 <2 2.1 
апора ВСЕ 25 је: ЗОНИ У АНИ 20 12 
Red express tand 249 150 80 120 
7. Woods 
Бабата 22 Сы “2 26 €&/e 1.4 1.4 1.37 1.30 1.20 
| {ап 8 50 40 120 135 83 
Fir, Douglas, plywood? ......... 25 сеје 2.1 21 1.90 
tanó 115 105 230 
Mahogany ое. и 25 є/„« 242 240 225 2.07 1.7 


tand 86 120 250 320 210 
t Field | to grain. 
Eun os "е. зм НЕ 
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TABLE 454.—DIELECTRIC CONSTANT AND LOSS TANGENT OF DIELECTRIC 
MATERIALS (continued) 


Part 2.—Liquids 


Temp. Frequency, cycles per second 
Materials °C 
A. Inorganic 1Х105 1X108 3X108 3x10 1x10 
Water, conductivity ть. 1.5 </е 870 870 865 80.5 38 
tand 1,900 190 320 3,100 10,300 
Zoe em Gee oe | 7725 767 55 
tand 4,000 400 160 1,570 5,400 


45  e/e АЗ 710 70/7 59 
(ап б 590 105 1,060 4,000 
65  e/e 6448 645 640 59 
tan ô 865 84 765 3,200 
85  e'/e 58 58 SA0 54 


tand 12,400 1.240 73 547 2,600 
B. Organic 


1. Апрћанс 1x10? 1x1035 1x109 1X108 

Methyl alcohol our o omes 25  e/e 3l 31 8.9 
tan ô 2,000 380 8,100 

БАНУКА СОНО аам 25 eja 245 237 (7 
tan ô 900 620 680 

п гору! асоБо! ш дг... 25  e/e 201 1940 2.3 
tan ô 180 2000 900 

Carbon tetrachloride .......... 29e e 2175217 — 2179992717 2217 


tan 6 60 8 <.4 <2 16 


2. Aromatic 


Nhtrobenzene' 222022220222 25 e/a 36 
(ап 6 80 
Styrene ОО оона 22 в/в 240 240 240 2.36 
tan 6 38 5 <3 58 
3. Insulating oils 
КТ... 24 «Ле 214 210 214 
tand 12.6 2 18 
ғас КЗ E viera 26 e 6 2.17 2.17 2.16 
tanô <l <l 11.3 
РАТЕ О E em 24 е</ө 214 214 2.14 2.14 
{ап ô 1 1 <2 112 
и 24 «</ө 217 2417 2.17 2.16 
tan 8 «1 «1 <2 10.6 
(ба ено 5314 aR 25  e/e 2.25 2:25 2222 
tan 6 a. <a 27 
80 е/ө 218 2.18 
tan ô 38 4 
рро) о ТОКА ЗАИД: 25 </е 440 440 440 4.04 2.65 
tan 6 36 3 190 1300 750 
На!омах о] 10009 ............. 25 </ө 480 477 477 2.99 
апд 490 50 <2 1850 
4. Lubricants 
КАО Merc esce 25 e /6 2.16 2 210 2 [6 2.16 
^  tanó 3 2 <1 <4 10 
Silicone fluid No. 500,* 22 є/ 2.76 2.76 272 
ORGS at Comes. osetia sos se tan ô 4 « A 240 
Silicone Аша Хо. 200,“ 23 -e/a 275 о 2.70 
О а... tan ó .8 4 320 
Notes: 1, From conductivity water. 2, Fresh crystals (Harshaw). Audio frequency loss decreases with 
time. For a discussion of low- шо dispersion in ionic crystals see R. G. Breckenridge, Bull. Amer. Phys. 
Soc., vol. 23, p. 33, 1948. , Magnesium silicate (American Lava). 4, Muscovite. 5, Mica, glass, TiO, 
(Мусајех), 6, Кпох. 2, 96% SiO». 8, Iron sealing glass. '9, Soda-lime (Pittsburgh. Corning). 
10, 510; (General Electric). 11, Eastman Kodak; recryst. and resubl. Lab. Ins. Res. 12, Mica-filled 
(Bakelite). 50% paper laminate (Formica). 14, 58% mica, 2% misc. (Monsanto). 15, 55% filler 
(Formica). 1, Mineral filler (American Cyanamid). 17, a-cellulose (Libbey-Owens- Ford). 18, 
DuPont. 19, 5-15% plasticizer, pigments, дус (Tennessee Eastman). 20, 25% camphor (DuPont). 215 
2.73 ethoxy groups/glucose, plast. (Dow). , Cross-linked organo siloxane polymer (Dow Corning). 23. 
(continued) 
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TABLE 454.—DIELECTRIC CONSTANT AND LOSS TANGENT OF DIELECTRIC 
MATERIALS (concluded) 


196 antioxidant (Bakelite). 24, 100% pole chloride (Bakelite). 25, Polyvinylidene and vinyl chlorides 
(Dow). 26, Polymethyl methacrylate (DuPont 27, For sheet stock, various samples used for different 
frequencies; for rod stock, €’/€) is the same as or sheet stock. (Plax). Pale crepe (Rubber Research 
Corp.). 29, Palaquium Oblongifolium (Hermann Weber). 9; 100 E "RS. 1 pt stearic acid, 5 pts 
Kadox, 5 Be Captax, 3 pts sulfur (Rubber Research Corp). , Copolymer of 98-99%% isobutylene, 1-2% 
isoprene (Rubber Research Corp.). 32,Poly-2-chlorobutadiene-1, 33 "stabilized with Methyl Tuads (DuPont). 
33, Fossil resin (Amber Mines). 34, ‘Contains ca. 3. 5% wax (Zinsser). 35, Central Scientific. 36, 
Shell Oil. 37,Bromund. 38, Vegetable and mineral waxes (Kuhne-Libby). 39, Mainly Coo to Cog 
aliphatic, saturated hydrocarbons (Standard Oil New Jerscy). 40, Dennison. 41, Research Laboratory 
of Physical Chemistry, Massachusetts Inst. Techn. 42, Absolute, ‘Analytical Grade (Mallinckrodt). 43, 
Abol (U. S. Industrial Chemicals). 44, Eastman Kodak. Dried and refractionated, Lab. Ins. Кез. 
Purified Lab. Ins. Res. 46, Dow. 47, 72.096 paraffins, 28.095 naphthenes (Stanco). 48, 57.4% 
КІ 42.6% naphthenes (Stanco). 4972. 4% parafhns, 27.6% naphthenes (Stanco). 50, = 4% ara RE 
50.6% naphthenes (Stanco). SL Aliphatic and aromatic hydrocarbons (General Electric). orinated 
benzenes and dipheayls (General Electric). 53, 60% mono-, 40% di- and А а Ee Со 
54, Methyl ed yl siloxane polymer (Dow Corning). 
cs., centistoke 


TABLE 455.—DIELECTRIC CONSTANT AND CONDUCTIVITY OF SOILS 222 


Measurements of samples of soil taken from different depths at various sites in England 


Dielectric 
Conductivity (in esu) at 20°C constant 
Moisture 
Geological Depth Description content % 1:2 10 
classification ft of sample by weight 1 Кс 100 Ке 1.2 Mc 10 Mc Mc Мс 
Lower 
lias .... Surface Dark fibrous loam... 60 3.010 3.4Х10% 3,9х10%6.0х10%100 55 
Loam and clay...... 225 05 7.0 7.0 9.0 95 43 
2 Clay and sand...... 26 75 8.0 8.0 12.0 105 48 
3 Ве а 7 25 8.0 9.0 9.5 11.0 95 46 
Chalk .... Surface Fibrous loam ....... С 5 90 95 14 39 23 
1 Chalky loam ....... 21 .55 55 85 95 41 25 
2 Спа ыо ве 24 .28 .26 .38 61 25 721 
Џррег 
greensand Suríace Fibrous loam ...... 3/082 7 3.4 4.0 5.0 80 49 
1 Brown, sandy clay.. 19 22 2.4 2.4 3.8 39 19 
2 Brown sand ........ 15 18 2.0 2.1 3.3 33 19 
Upper 
аз муз. Surface Fibrous loam ...... 28 .85 .95 1.1 1.6 48 30 
1 Sandy loam ........ 16 .34 34 .40 .61 20 17 
2 Brown sand ........ 14 .29 .29 23 .46 20 14 
5 Sand and sandstone.. 8.5 .075 .090 12 22 14 9 
Red marls. Surface Reddish-brown loam. 23 1.5 1:7 1.8 2.3 46 32 
1 Reddish-brown clay. 20 1.5 1.7 1.8 225 50 33 
2 Reddish-brown clay. 18 2.6 2:8 3.1 3.6 80 45 
Devonian . Surface Black fibrous loam.. 21 1.3 155 1.8 2:5 90 65 
1 Loam and slate..... 9.0 .026 .030 .040 .060 12 10 
{0° Зас е. ОЖ — ‚00026 0025 0092 .046 95 8.0 
Granite ... 1 Gritty бай... m ІШ. 1 12 ‚16 18 22 15 
З3{о10 Сгапне ............ —  .00090 .0070 .028 11 12 8.5 
3tolO0 Granite ............ — .00070 .0050 .019 .095 10.0 7.5 
Boulder 
clay .... Surface Fibrous loam ...... 38 595 ‚65 .75 1.1 50 20 
2 Clay and loam ..... 19 11 1 1.2 17 60 21 
3 Dark grit and clay.. 18 .60 ‚70 ‚80 1.2 50 19 


ее eee а а” MN 
153 Smith-Rose, Journ. Inst. Electr. Eng., London, vol. 75, p. 221, 1934. 
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The dipole moments are given in Debye units (1 Debye unit — 1 X 107* esu). The 
moments listed were obtained from gaseous measurements. The data are taken from 
Tables of Electric Dipole Moments, April 1947, compiled by L. G. Wesson, Laboratory for 
Insulation Research, Massachusetts Inst. Techn., Cambridge, Mass. Where several sources 
were given, a study was made to select the best value. Reference to original sources can be 
made from the above tables. 


Part 1.—Inorganic substances 





Electric Electric 
dipole dipole 
moment moment 
1х 10-18 1x 10-15 
Substance esu Substance esu 
ТОА A ces 1.46 ТОЕ eror Rt en Л 
ОН ставо 0 По 2... 0 
ОЕЕО е ао 216 Nitrogen dioxide .............. 3 
Boron fluoride nao 6 6a oo as 0 СЕН... ‚0 
Deuterium chloride ............ 1.089 Phosphine ..... pa rum ГТ. .55 
Ней? И eios us Ц) Potassium chloride а ets 6.3 
Hydrogen et ЖО A 0 Silane, SIE .................. .0 
Hydrogen flúoride saes 1.91 бойішп ішоШде ................ 4,9 
BHs drogen iodide oeuse rea eee .38 Sultur CiOXide .................. 17 
ра ыма. .0 КООГА уус» шуы ota n 1.84 
Мо дегин Б о A 0 Хепоти бо КО Тен dE 0 





Part 2.—Organic substances 


Electric Electric 

dipole dipole 

moment moment 

1х 10-15 1Х10-18 
Substance esu Substance esu 
Phosgene CCl.O Ethyl chloride C2H;Cl .......... 2.00 
(сагЬопу! сһҺЇїогїде) .......... 1.18 Ethyl fluoride C;IFGF .......... 1.92 
Іиорповрепе CCbhS. ... e .28 Ethyl ойде С„НЬЇ. ............ 1.87 
Carbon tetrachloride CCh ...... 0 Nitroethane C2HsNO, ......... 3.70 
(Еос т. 1.02 Е папе СЫ „со: 0 
Hydrogen cyanide CHN ....... 2.94 Ethyl alcohol CHO 2222. 1.68 
Formaldehyde CH:20 ........... 224 Methyl sulfone C;:H4,O;S ....... 4.4] 
Formic acid СНО,......... 1.51 Dimethylamine C:H:N ......... .99 
Methyl bromide CHiBr ........ 1.79 Cyanogen CNi ш лу о 0 
Methyl chloride CH:Cl ........ 1.86 Propene (propylene) C3He ...... 35 
Methyl iodide CHil ............ 1.64 Acetone C3H.0€ o.c TTE 2.85 
Formamide CHiNO ........... 322 Methyl acetate CsHeO:2 ......... 167 
Nitromethane CHiNO, ......... 3.49 Ethyl ether Cipo Е 1.14 
Alothane CHi. eae aa a 0 Ethyl sulfide CHS ........... 1.51 
Methyl alcohol CH4O .......... 1.69 Diethyl carbonate CsHiOs ...... 1.06 
Carbon monoxide CO .......... 11 Bromobenzene C.Hi;Br ........ 1.74 
Carbon dioxide CO; 5s... .0 Chlorobenzene C&HiCl ......... 1.69 
СагБоп бїзиЇһде С5»„ ........... 0 БіпогоБепгепе СЫН.Е .......... 1.57 
АсеїуЇепе С„Н» ................ ‚0 Nitrobenzene C;H;NO; ........ 4.23 
Ethylene Соо в.в .0 Benzene: СеНе 2222 272722 0 
Acetaldehyde С:Н.О .......... 271 Phenol GHO cece T 1.40 
Асенс ас1а С.Н.О, ............ 1.73 Aniline CPN ош 1.48 
Ethyl bromide C;:HiBr ......... 1.96 Toluene CH, .. 28-00 DAS 237 
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TABLE 457A.—ATTENUATION COEFFICIENTS FOR VERY LOW FREQUENCY 
RADIO PROPAGATION 


For very low frequencies (100 kc and under), an empirical transmission formula of 


the form 
—ad 


а el 6 E 
Po EU 2.6 


has been found useful (Austin-Cohen; Austin; Espenschied, Anderson, and Bailey), where 


F = received field intensity, in u v/m 

h = effective height of transmitting antenna, in km 
I = transmitting antenna current, in amp 

0 = transmission distance, in radians 

d = transmission distance, in km 

Х = wavelength, in km 


Values of a and x were found to vary somewhat. 

Since theoretical justification for the Austin-Cohen value of x — 1 has been given by 
Watson (Proc. Roy. Soc. London, A, vol. 95, p. 546, 1919), data furnished by the above 
observers have been reevaluated, assuming validity of the relationship 


Tec 
УІІ 9 Ud 


PE Ad umo se 





and the resulting values of a presented in the accompanying table, together with their rela- 
tive weights estimated from the number of observations used in their determination. 

a varies notably with frequency, time of day, and the type of ground along the trans- 
mission path, and less definitely with season, solar activity, and the location of the trans- 
mission path. The values presented here are for conditions where the entire transmission 
path, at the height of the ionospheric reflecting layer, lies in daylight or in darkness. For 
conditions of sunrise or sunset on the transmission path, a has generally been found to lie 
between day and night values, but under certain circumstances, to far exceed these values. 


Transmission path 


Day Night Transmitter Receiver Observations 
f, kc а, weight a weight Ground location location by 
12.8 .59Х 10-3 97 Sea water Bordeaux, France Washington, D. C. Austin 
17.13  .66 112 .32Х10-3 48 M Rocky Point, N. Y. New Southport, Espenchied, . 
England Anderson, Bailey 
229 1.49 59 Land San Diego, Calif. Washington, D. C. Austin 
23.4 1.01 97 Sea water Nauen, Germany Washington, D. C. Austin 
24.05  .61 93 725 7 “ Leafield, England Belfast, Maine Espenchied, 
Anderson, Bailey 
24.05  .80 42  .46 2 “ “ Riverhead, L. I., N. Y. E 
24.05 .81 52 .44 1 “ 5 Greenharbor, Mass. E 
257 .76 104 .29 42 i Marion, Mass. New Southgate, 
England U 
92 1.45 29  .60 15 f Northolt, England Riverhead, L. I., N. Y. 2 
52 1.40 75 .84 21 i E Belfast, Maine ss 
54.5 1.49 45 .89 30 “ S Green Harbor, Mass. Ж 
57 1.48 112 55 48 э Rocky Point, N. Y. New Southgate, 2 
England 


т 
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TABLE 457B.—ATTENUATION iN HIGH FREQUENCY PROPAGATION OVER 
LONG DISTANCES 


At high frequencies and distances where the radiation is chiefly received by means of 
sky-wave transmission, reference is given to the methods for calculation of received field 
intensities presented in Chapter 7, National Bureau of Standards Circular 462, "Ionospheric 
Radio Propagation." 

For long transmission paths (over 4000 km), 


F—F.-ilgP—SJQKd 
where F — log of the received field intensity, in = 


Fə = log of the ionospherically unabsorbed field intensity, in = , for 1 kw 


effective radiated power 
= 1.6 — 1.44 [log d — 3.60] 
d — transmission distance, in units of 1000 km 
P — effective radiated power, in kw 
log So = 0.502 — 1.916 (log f — 0.477) 
f = frequency, in Mc 
Q = 1 + 0.005 R 
R = sunspot number 
K = average K for the transmission path 
K = 0.142 + 0.858 cos v 
y = solar zenith angle 


Ка = 0.142 D' + (К, + К, — 0.284) tan 27, 


where D' zz the length of the path in the region where K is not equal to zero, in 
units of 1000 km 
Kı and Kı = values of K at transmitting and receiving stations 
R = radius of the earth in units of 1000 km 


J= seasonal variation factor. J has the values 1.0, 1.3, 1.15, respectively, if both ter- 
minals of the transmission path lie in summer, winter, or equinoctial regions. If one ter- 
minal lies in a summer region, the other in winter, J — 1.15. 


TABLE 458.—E-LAYER MAXIMUM USABLE FREQUENCIES IN Mc FOR 
2,000-km TRANSMISSION DISTANCE 


June * Equinox 
Local time 
of day: 00 04 08 12 16 20 00 04 08 12 16 20 
Sunspot number = 0 Sunspot number = 0 
Latitude 
N.80° 7.5 97 113 118 113 97 82 100 846 
40 136 16.2 13.6 11.7 14.4 12.2 
0 12.3 15.6 123 13.2 16.8 13.0 
40 8.3 12.0 8.3 11.4 14.2 11.9 
5.80 73 87 775 
Sunspot number — 125 Sunspot number — 125 
М.809 98112 134 14.0 134 11.2 89 103 8.7 
40 17.4 202 174 15.1 186 147 
0 16.3 20.8 16.3 17.00 21.3 16.4 
40 10.7 15.4 107 13.5 16.8 13.3 
S. 80 83 96 81 


* For December, use reversed latitudes. 
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Norton calculated from Vander Pol’s and Bremmer’s theory and checked at broadcast 
frequencies the following results for vertically polarized ground-wave propagation. In 
many cases ionospheric waves will be much stronger than is indicated for ground-wave 
propagation in these tables. Some indication of when ionospheric waves may be expected 
is given. 


Factor A for transmission over sea water 


e — 80, (о =5 Х тћоз/т) 


Freq. 


Mc 50 km 100 km 150 km 
5 1.0 .96 90 
2 1.0 177 72 
10 71 46. .38 
50 1025 .0050 .0016 
200 .00075 -— — 
Factor A for transmission over good ground 
€— 15-0 = 10“ inhos/m 
Freq. 
Ме 5 кт 10 Кт 15 Кт 25 km 50 km 100 km 150 km 
1 1.00 1.00 1.0 1.0 1.0 90 87 
5 .98 .93 90 7) ‚68 48 .35 
24) „50 ‚30 EAT .095 .049 .018 .0092 
10 026 011 0072 0036 0018 00054 00020 
50 0030 0015 ‚0096 ‚00040 „00017 --- --- 
300 „00046 ‚00021 00013 
Factor A for transmission over poor ground 
e= 5, о = 1073 mhos/m 
Freq 
Mc 5 km 10 km 15 km 25 km 50 km 100 km 150 km 
4L О) .99 .95 .92 .85 ‚73 64 
5 .64 .45 35 22 096 .038 .022 
20 .056 027 018 010 „0050 „0018 00093 
10 0059 „0030 „0019 0011 ‚00048 00013 -— 
50 .0012 .00055 .00036 .00022 -— --- --- 


100 ‚00080 ‚00026 00016 — -— --- --- 


CRITICAL FREQUENCIES AND MAXIMUM USABLE FREQUENCIES FOR RADIO 
TRANSMISSION BY REFLECTION FROM THE E AND Fə LAYERS OF THE 
IONOSPHERE 


Values of ionospheric critical frequencies and virtual reflection heights for all iono- 
spheric layers (E, Fi, F;, E,) observed at a large number of stations are regularly dis- 
tributed by the Central Radio Propagation Laboratory of the National Bureau of Stand- 
ards to laboratories cooperating in ionospheric research. The values presented in Tables 
458 and 461 are synthesized from the trends of these data. Values are not given here for 
the Fı and E, layers since their trends are much less accurately established than those of 
the E and F; layers. 

Table 458 presents E-layer maximum usable frequencies for a transmission distance of 
T> n the maximum practical distance for 1-hop transmission by means of E-layer 
reflection. 

Table 461 presents F;-layer ordinary-wave critical frequencies, and maximum usable 
frequencies for a transmission distance of 4.000 km, the maximum practical distance for 
1-һор transmission by means of F.-layer reflection. 


1533 Norton, K. A.. The calculation of ground wave ficld intensity over a finitely conducting spherical 
earth, Proc. Inst. Radio Eng., December 1941: Van der Pol. Balth, and Bremmer, H., Philos. Mag., 
vol. 24, p. 141, 1937; vol. 24, p. 825, supplement, November 1937. 
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Latitudes and local times are those of the ionospheric reflection points. The F.layer 
zones (IV, I, and E) are those chosen for practical description of longitude effect by the 
International Radio Conference of April-May 1944. The I!’ and E zones are centered on 
/70*W. and 110? E. longitude, respectively ; the two / zones are intermediate between these. 

Values are presented for sunspot numbers of 0 and 125. Since both critical frequencies 
and maximum usable frequencies show approximately linear variation with sunspot num- 
ber, values for any other sunspot number, Х, may be obtained by interpolation. 

[World-wide charts of predicted AUF, three months in advance, for both E and F: 
layers, are regularly published in Central Radio Propagation Laboratory Series D 
reports, "Basic Radio Propagation Prediction." ] 


E-Layer ordinary-wave critical frequencies.—These may be obtained by dividing 
the E-layer 2,000 km МОГ Һу 4.78, since the minimum virtual height of reflection is 
nearly constant for this layer. 


 Extraordinary-wave critical frequencies, f* (or zero-distance MUF).—The or- 
dinary-wave critical frequency f°, the extraordinary-wave critical frequency f^, and the 
gyrofrequency fa are related by the equation 


(Р) (РЕР) Р 


The gyrofrequency, f», varies with the intensity of the earth's magnetic field, H, and is 
given by 
e H 
== 


== › 
2mm c 





where ¢ and m are, respectively, the electronic (or ionic) charge and mass, c the velocity 
of light in free space, and H is given in gauss. 


Ion density.—The number of ions per cm' at the reflection point may be obtained from 
the value of the ordinary-wave critical frequency, f°, by the equation 

тт 
p (фе? 


where m and e are, respectively, the ionic mass and charge. 


A= 


) 


Minimum virtual heights of reflection.—The maximum usable frequency at any 

transmission (except for those nearly equal to zero) is equal to 
MUL =f" seco 

where ф 15 the angle of incidence of the wave upon the ionospheric reflecting layer. 

$ 1s approximately given by 

sin 4 6 

1+ (h/R) — cos 4 8 
where @ 1s the angular distance of the transmission path, л the virtual height of reflection, 
and A the radius of the earth. (Cf. Smith, N., Proc. Inst. Radio Eng., May 1939, p. 232.) 


eS tan" 


Maximum usable frequencies for other transmission distances.—These may be 
obtained from the A{UF of Table 461 by using the factors and procedure presented in 
Table 462. 


Skip distances.—The MUF for a given distance is the frequency for which that dis- 
tance is the skip distance. 


TABLE 460.—ATTENUATION OF MICROWAVES BY WATER VAPOR IN THE 
ATMOSPHERE (in db/km) !*: 


Measured аї 45°С at atmospheric pressure 


Wavelength (cm) Serm .96 1.16 


1.28 1.37 1.69 
Frequency (kmc) 402 91:2 25.8 205 21.9 17.8 
Water vapor density 
(g/m*) 
10 103 db/km 081 149 .230 .224 ‚049 
30 .408 321 .495 .69 672 18 
50 ‚84 .665 90 ВЕ 112 1255 


153 Adapted from Becker and Autler, Phys. Rev., vol. 70, p. 303, September 1946. 
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TABLE 461.—F,-LAYER CRITICAL FREQUENCIES AND MAXIMUM USABLE 
FREQUENCIES FOR 4,000-km TRANSMISSION DISTANCE IN Mc 





E zone 
June Sept. Dec. June Sept. Dec. 

Lati- Е;-4000 Е,-4000 F,-4000 Е;-4000 Е,-4000 Е ,-4000 
tude ЈЕ. МОЕ Е. МОЕ РЕ) МОЕ РЕ. МОЕ Е, МОЕ Ро МОЕ 
Local time of day : 00 Sunspot number — 0 Time: 12 Sunspot number = 0 
N.80° 41 142 3.9 139 3.4 12.6 42 13.9 44 15.4 37 134 
40 418 13.9 38 12.9 2.9 9.6 58 19.0 61 21.4 68 247 

Une 3:5 4 40 147 49 16.5 9.0 25.6 86 247 82 24.5 

40 247 9.2 3.0 10.3 43 147 5.0 18.8 56 19.5 50 194 
5.80 2.4 8,8 2.8 9.9 29: 24195 3.3 “11.9 20: 2120 45 149 
Sunspot number = 125 Sunspot number = 125 

N.80° 52 163 6.1 18.8 56 178 54 16.0 6.7 212 54 176 
40 86 24.9 7.0 21.3 35 108 90 25.6 11.4 35.3 111 36.4 

0 88 270 109 388 82 259 140 327 155 388 12.7 302 

40 41 128 59 182 82 247 10.8 364 10.5 34.1 8.3 227 
S.80 44 138 54 T5 54 16.5 60 19.8 6.2 198 62 176 
Local time of day : 04 Sunspot number — 0 Time: 16 Sunspot number — 0 
N.80° 39 13.0 36 129 30 108 45 148 45 15.9 39 142 
40 37 118 37 7109 2.9 9.9 56 182 56 20.0 50 18.3 

0 23 8.1 25 8.5 3.0 9.9 8.4 24.2 9.0 270 8.6 28.1 

40 2.9 10.1 2.0 6.9 2.6 8.9 5.0 18.2 5.1 18.3 5.9 19.9 
S.80 2.4 8.5 25 8.7 3.8 13.3 30 10.9 За 127 43 14.3 
Sunspot number — 125 Sunspot number — 125 

N.80° 52 154 55 175 44 140 56 16.3 6.5 20.0 54 17.3 
40 80 233 63 188 3.6 10.9 9.0 26.5 100 332 88 288 

0 49 153 72 23.5 62 200 140 340 162 412 122277296 

40 41 128 46 141 60 178 104 35.3 98323 82 25.9 
5,80 41 129 5.2 8105 56 16.5 54 174 67 219 60 17.3 
Local time of day : 08 Sunspot number — 0 Time: 20 Sunspot number — 0 
М.809 40 13.0 40 143 34 125 42 14.3 44 15.8 2 12,2 
40 58 194 57 209 52 194 55 188 51182 27 9.6 
019174 22.5 7877253 6.7 206 45 147 82 25.9 72 23.5 

40 39 141 43 15.9 50 174 27 9.6 40 139 54 19.4 
5.80 24 8.8 34 118 43 147 2.5 9.3 3.3 114 44 149 
Sunspot number — 125 Sunspot number — 125 

[9550529 75.3 9 15.4 6.7 2212 5.0 158 Бо ол 6.6 208 52 167 
404 94 282 100 332 82 294 86 26.0 80 25.9 43 141 

ШЕНІ 1575 13.5 3%2 120 347 110 282 140 342 100 259 

404 75 260 81 281 74 214 95 176 79 24.7 84 25,9 
5.80 43 13.6 5.9 19.3 62 176 44 13.9 6.3 20.6 60 176 

I zone 

Local time of day : 00 Sunspot number — 0 Time: 12 Sunspot number = 0 
N.80° 39 13.6 360 129 27 9.8 40 13.5 37 132 24 125 
40 38 129 30 101 3.0 9.8 92285172 5.5 19.4 68 259 

D 52 169 63 233 5.0 165 6.2 17.6 6.5 188 78 22.9 

40 2.9 9,8 2.6 8.9 54 17.9 47 17.9 52 183 6.6 21.9 
5.80 24 8.8 2.8 99 274125 33 119 36 129 45 149 
Sunspot number — 125 Sunspot number — 125 

МИА 52 169 58 182 48 153 5.3 "9156 5.9 18.7 54 17.3 
40 64 186 50 153 33 103 70 21.9 102 31.9 11.0 37.7 

0 90 282 10.0 32.8 10.0 31.8 10.4 248 11.0 28.6 10.9 25.6 

40 4.1 127 5.8 182 84 247 ШЕ 987 108 347 94 26.5 
5.80 4.4 13.8 5.4 17.5 5.4 16.5 6.0 198 6.2 198 6.2 17.6 

(сопнимеа) 
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TABLE 461.—F,-LAYER CRITICAL FREQUENCIES AND MAXIMUM USABLE 
FREQUENCIES FOR 4,000-km TRANSMISSION DISTANCE IN Me (continued) 


June Sept. Dec. June Sept. Dec. 
—А ——-—— —— = 
Lati- Е2-4000 Е ,-4000 Е.-4000 Ғ.-4000 Е2-4 000 Е2-4000 
tude РЕ. МОЕ f°F MUF f°F. MUF f°F. MUF Е. МОЕ Е. МОЕ 
Local time of day : 04 Sunspot number — 0 Time: 16 Sunspot number — 0 
N.80° 3.7 128 34 12.2 27 9.9 40 132 20 126 34 12.1 
40 31 107 29 9.9 2.9 10.0 52 170 5.5 198 5.6 206 
0 32 110 3.0 1. 33 10.3 68 198 ӨЛ 246 94 30.0 
40 28 9.6 22 ЕВ 35 11.0 46 172 48 17.0 64 21.8 
5.80 24 8,5 2.5 87 25 132 30 10.9 70 12.7 43 14.3 
Sunspot number — 125 Sunspot number — 125 
М.809 48 154 57 174 $9 122 52 156 59 188 52 166 
40 53 15.3 46 142 34 10.6 78 226 9.7 30.6 98 33.9 
0 69 218 5.4 17.6 Ja 229 10.8 26.8 125 — 309 124 35.0 
40 40 12.5 42 12.6 02 185 10.0 33.5 10.4 33.5 92 27.3 
S.80 41 129 52 165 5.6 16.5 54 17.4 6.7 21.9 60 17.3 
Local time of day : 08 Sunspot number — Time: 20 Sunspot number = 0 
N.80° 3.9 128 207 122 30 10.9 38113? 26 128 ЗЛЕ 10175 
40 48 16.5 50 18.8 50 18.8 98:27 717% 36 129 27 8.8 
0 62 186 56 17.9 74. 220 60 208 7.0 21.6 76 24.9 
40 35 129 43 159 56 194 27 9,5 34 118 67 222 
5.80 24 8.8 34 118 43 147 25 9.3 22 11.4 44 14.9 
Sunspot number — 125 Sunspot number — 125 
№.80° 51 150 5.9 18.8 43 13.5 51 16.0 5.8 18.3 49 15.5 
40 76 212 86 28.8 78 294 75 214 6.7 21.6 278427 
0 89 249 116 33.0 10.3 29.3 9.4 23.4 102 25.9 10.5 _ 27.0 
40 7. 26.5 86 294 88 25.6 54 176 7.4 24.3 9.2 26.8 
5.80 4.3 13.6 5.9 19.3 62 17.6 44 13.9 6.3 20.6 6.0 17.6 
W zone 
Local time of day : 00 Sunspot number — 0 Time: 12 Sunspot number — 0 
N.80° 3.9 13.6 3.6 129 2.7 9.8 4.0 13.5 27 122 34 12.5 
40 30 10.5 2.0 6.8 23 7.8 5.2 168 52 18.6 6.5 24.5 
0 44 14.6 55 206 3.6 12.0 76 218 106 30.3 86 26.5 
40 2.3 7.9 34 118 50? 165 50 189 6.7 241 8.4 28.1 
5.80 30 108 31256 115 42 148 242 12.5 3.6 128 46 15.0 
Sunspot number — 125 Sunspot number — 125 
N e0 5.2 16:9 58 182 48 153 woo 59 187 54 17.3 
40 66 206 56 170 46 14.5 71 208 9.3 293 12.3 40.3 
0 105 31.8 (222. 300 90 28.3 1172 282 14.9 37.0 141 333 
40 34 106 207726 99 29.3 11.0 2760 13.9 44.7 12.1 33.9 
5.80 5.1 16.3 62 20.0 59 17.5 БЛ МЕС 7.6 247 70 19.8 
Local time of day : 04 Sunspot number — 0 Time: 16 Sunspot number — 0 
N.80° 3.7 12.8 34 12.2 27 9.9 40 132 36 126 24 І2І 
40 21 6.8 1.7 5.8 2.6 8.9 52 44172 53 190 5 210 
0 32 11.0 35 128 22 7.8 9.2 26.9 19:2 25 BO. 22.3 
40 2.0 6.8 29 10.0 47 15.9 44 16.5 5.0 18.5 72 24.5 
5.80 2.9 10.5 2.5 8.9 42 146 22 118 28 4952 45 14.9 
Sunspot number — 125 Sunspot number — 125 
N.80° 48 154 57 17.4 39 122 5.2 156 59 188 52 166 
40 49 15.6 41 12.5 44 136 74 218 9.3 288 112 36.3 
0 70 221 02 215 49 14.5 118 294 140 37.5 138 34.3 
40 32 9,9 58 176 94 27.6 857 30.0 114 374 11.0 329 
5.80 46 147 52 167 56 167 5.2 16.6 69 222 65 187 
(continued) 
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TABLE 461.—F,-LAYER CRITICAL FREQUENCIES AND MAXIMUM USABLE 
FREQUENCIES FOR 4,000-km TRANSMISSION DISTANCE IN Mc (concluded) 


June Sept. Dec. June Sept. Dec. 
m Е,:4000 F»-4000 Е,-4000 2.4000 7 8,4007 Е,4000 
tude РЕ МОЕ f°F MUF РЕ. МОЕ Е. МОЕ РЕ МОЕ РЕ, МОЕ 
Local time of day : 08 Sunspot number = 0 Time: 20 Sunspot number 0 
N.80° 3.9 128 30 132 3.0 10.9 38 132 3.6 128 317% 

40 48 16.2 46 17.4 45 17.6 54 18.7 40 14.5 2.0 9.0 

0 58 174 7.5 241 TO 229 68 223 84 26.0 5.7 190 

40 44 15.9 59 218 66 22.9 22 7.8 29 10.1 64 21.6 

5 80-21 11.3 30 11.0 45 1529 29 106 3.5 22 45 155 
Sunspot number — 125 Sunspot number — 125 

М.809 51 15.0 50 188 43 13.5 5.31 16.0 5.8 18.3 49 15.5 
404 64 202 83 270 8.5 29.4 76. 235 74 23.5 07 4212 

0 94 270 ПЕ) З 14.5 424 10.7 27.6 13.5 34.0 11.9 301 

40 81 27.6 10.6 36.4 110 312 38 120 78 256 10.7 29 
5,80 50 15.9 68 221 6.7 18.9 40 158 6.5 206 6.5 19.3 


TABLE 462.—FACTORS FOR OBTAINING F.-LAYER MUF, AND COMBINED 
E, F-LAYER MUF AT OTHER DISTANCES, FROM F.-4,000 km MUF AND 
E-2,000 km MUF 


The accompanying table presents (a) factors, Faw95-5;^, by which the 2,000 E-layer 
maximum usable frequencies may be multiplied in order to obtain values of maximum 
usable frequencies by combined E- and F,-layer transmission for other distances, and (b) 
factors, Faooor2-r2, by which 4,000-km F:2-layer maximum usable frequencies may be multi- 
plied in order to obtain values of F2-layer maximum usable frequencies at other trans- 
mission distances. These factors become less accurate with decreasing transmission 
distance. 

For obtaining the maximum usable frequency for practical radio transmission, the 
following procedures may be used: 

1. One-hop transmission:—Obtain both the combined E-, F:-layer, and F:2-layer maxi- 
mum usable frequencies pertinent to the midpoint of the transmission path. The higher of 
the two will be the MUF for the path, neglecting possible transmission by sporadic-E 
1onization. 

2. Long-path transmission: —For transmission paths exceeding 4,000 km, the following 
procedure generally affords a sufficiently good value for practical use: 

(a) Determine the 2,000-km E-layer MUF for a point 1,000 km along the transmission 
path from the transmitting station. Determine the 4,000-km PF;-layer MUF for a point 
2,000 km along the transmission path from the transmitting station. Select the higher of 
two values, for comparison with a value to be later obtained in procedure (b). 

(b) Determine the 2,000-km E-layer MUF for a point 1,000 km along the transmission 
path from the receiving station. Determine the 4,000-km PF;-layer MUF for a point 2,000 
km along the transmission path from the receiving station. Select the higher of these 
two values, for comparison with the value obtained in procedure (a). 

(c) Compare the values obtained in procedures (a) and (b) above. The lower of the 
two will be the MUF for the transmission path, neglecting possible transmission by 
sporadic-E ionization. 

For more detailed and accurate procedures, and for inclusion of sporadic-E layer effects, 
reference is given to National Bureau of Standards Circular 462, "Ionospheric Radio 
Propagation," and to reports of the Central Radio Propagation Laboratory, Series D, 
"Basic Radio Propagation Prediction." 





Distance Distance 
m Ежок-Е,Ғ1 Е (обе 27 Е кт FomoE-E ,F1 F so00F -F 2 

200 .25 25 2200 ке; ‚79 
400 .36 .36 5 2400 4 83 
600 48 38 2600 v .86 
800 .62 41 2800 Т 90 
1000 72 .46 3000 m .92 
1200 .82 ol 3200 E. .95 
1400 .88 57 3400 Om .97 
1600 .95 .63 3600 n 98 
1800 .98 .69 3800 — .99 
2000 1.00 .74 4000 520 1.00 
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TABLE 463.—CALCULATED ATTENUATION OF MICROWAVES BY RAIN 


Rate of rainfall 
(mm/hr) 


Zl ЛҒ ng eee 
60 (moderate) ....... 
ZR heavy). oce 
43.1 (cloudburst) ..... 


(аһ/кт) :% 
Wavelength (cm) 

"1.25 3 5 10 
.193 db/km .049 .004 .0007 
.615 .192 .012 .0017 

2.40 .728 .053 .0070 

6.17 1.64 „165 016 


155 Adapted from article by L. Goldstein in Summary Technical Report of the National Defense 
Research Committee, Committee on Propagation, vol. 2, p. 164, published by Academic Press. 


TABLE 464.—ATTENUATION OF MILLIMETER WAVES BY ATMOSPHERIC 


OXYGEN (db/km) ™ 


Attenua- Attenua- Attenua- Attenua- Attenua- 
tion tion tion tion 
Wave. coeff- Wave- coeff- Wave- coeff- Wave- coeff- аа соећ- 
length cient length cient length cient length cient length cient 
(mm) (db/km) (mm) (db/km) (mm) (db/km) (mm) (db/km) (mm) (db/km) 
6.34 .05 5.60 1.8 5.19 127 5.10 13.9 4.96 14.7 
5.76 1.0 5.28 10.2 5.13 15.7 5.04 14.5 4.48 4 


15 Lamont, H. R., Proc. Phys. Soc. London, vol. 61, p. 562, 1948. 


TABLE 465.—EXTRATERRESTRIAL RADIO FREQUENCY RADIATION * 


Source { а 
Cygnus. ШОУ: 20800" 
Cygnus A -. ___ 19 59 
Cygnus 22222222. 19Һ58т478--103 
Cygnus 2067722. 191567",5 
Cygnus ОООО О: 20 30 
Ursa Major ...... 12%18:2 
Taurus АЕО Л. 5.13 
Taurus о... 5831003--303 
ШЕТЕН а. 5 31 20 +30 
Cassiopeia ....... 237125 
18159'п,] 
147553 
Possible sources .. 12 20 
18 51 
19 15 


Coma Berenices A. 12 04 


Hercules A ...... 16 21 
Vireo A ос и 12^»28"063-2-373 
Centaurus A 13 22 20 +60 


* Prepared by C. R. Burrows. 


157 For references, see p. 450. 
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Part 1.—Discrete sources 


6 Reported by 157 Remarks 

443? Hey, Parsons, Phillips? Approx. position; À zz 5m. 

+41°41’ Bolton Uncertainty of position about 1°. 
Observed on 100 Mc/s. 

-F41^41'-2-7' Bolton and Stanley f Observed on 100, 60, 85, 200 
Mc/s. 

4- 39? 50' Ryle and Smith 4 Observed on 80 Mc/s. 

+38° Hey, Parsons, Phillips? Observed on 64 Mc/s; position 
very uncertain. 

+58°00 Ryle and Smith4 Observed on 80 Mc/s. 

+28° Bolton ? Angular width < 30°; uncertainty 


of position about 1°. Observed 
on 100 Mc/s. 


4-22%01' Bolton, Stanley, Slee» Intensity measured at 100 Mc/s. 

+22°02’+8' Bolton, Stanley ^ Observed on 100 Mc/s. 

+58°10/ Ryle and Smith4 Observed on 80 Mc/s. 

+46°11’ Ryle 

+57 14 Ryle 

+48 Ryle с Obsered on 80 Mc/s. 

4-24 Кује 

0 Ryle 

4-20? 30' Bolton à Angular width «215'; uncertainty 
of position about 1°. Observed 
on 100 Mc/s. 

+15 Bolton Angular width <1°; uncertainty 


of position about 1°. Observed 
on 100 Mc/s. 


+12°41°+10’ Bolton, Stanley, Slee» Intensity measured at 100 Mc/s. 


—42?37'--8' Bolton, Stanley, Slee» Intensity measured at 100 Mc/s. 





(continucd) 
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TABLE 465.—EXTRATERRESTRIAL RADIO FREQUENCY RADIATION 
(concluded) 


Part 2.—Galactic noise from direction of Sagittarius ' 











SEAT cae > € ¢ 2.4 oc 
5 208 § ҖЫ „ЕУ 5 = g „ЕУ 
> је у Bebe, ЖЕБ > ба 3 Ед ББ 
5 so So ESSR Ege 5 со ша ABESE ERE 
2 ia © © БОРЫ ске 5 = zo gkots sha 
Мохов... 40 750.0 30,000 35Х70 Réber 3 «но 480 625 230 2х3 
Hey, Parsons, 
and Phillips .. 65 462.5 10,500 12х30 Reber отуу: 900 33.3 
à Negative results 
Moxon .... . 90 333.3 3,000 35X35 Southworth ...... 3000 10.0 but due to low 
sensitivity can 
Нерон...» 160 187.5 5,300 6x8 Вере. „а: 3300 9.1 ire say 
Moxon ........ 200 150.0 300 -— Southworth ...... 30,000 10 T,« «20,000. 
Part 3.—Constant component of solar noise! 
- К = ~ ~ = s 
> = => > = > 
5 Е 5 oa 5 е m 
> © л © а 9.5 > © os © м 8.5 
ba e. Ф o . e 2--. v o RT 
a go 2 Е ~ а a go > Е мао 
5 S SNR CONSE. 5 ыз жо ы 
Piddington and Lehany and Yabsley.. 600 50. .5X 1086+20% 
Minnett сасе 24,000 1.25 1.0Х10%+10% 
Керети 480 62.5 1.0108 
Dicke and Beringer. 24,000 1.25 1.0x10* 
McCready, Pawsey and 
Southworth ........ 10,000 3 1.8x10* Pavne-Scott ....... 200 150. 1.2106 
апел ни te rickets es 9,375 3.2 2.2104 Pawsey and Yabsley.. 200 150. .7Ж108 
Southworth o. 3,000 10 1.8x10* Lehany and Yabsley.. 200 150. 1.0х 109 
Cavington #2555050 2,804 10.7 5.6104 Ryle and Vonberg.... 175.4 171. .6 108 
Соли се... 2,804 10.7 6.5x10* Reber 2226 E 160 187. 1.8х 108 
Геһапу апа Хађзјеу. 1,200 25 1.0XxX 1085+20% Ryle and Vonberg.... 80 375. 1.3 108 
REFERENCES: a, Bolton, J. G., Nature, vol. 162, p. 141, 1948; b, Bolton, J. G., Stanley, G. J., and 


Slee, O. B., Nature, vol. 164, p. 101, 1949; c, Unpublished; d, Ryle, M., and Smith, F. G., Nature, 
vol. 162, p. 462, 1948; e, Hey, J. S., Parsons, S. J., and Phillips, J. W., Nature, vol. 158, p. 234, 1946; 
f, Bolton, J. G., and Stanley, G. J., Nature, vol. 161, p. 312, 1948; g, Hey, J. S., Parsons, S. J., and 
Phillips, J. W., Proc. Roy. Soc. London, vol. 192, p. 425, 1948; h, Bolton, J. G., and Stanley, G. J., Austra- 
lian Journ. Sci. Res., vol. 2, p. 139, 1949; i, Williamson, R. E., Journ. Roy. Astron. Soc. Canada, vol. 42, 
p. 9, 1948; j. Pawsey, J L., and Yabsley, D. E., Australian Journ. Sci. Res., vol. 2, p. 198, 1949, 
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TABLES 466-494.——MAGNETIC PROPERTIES OF MATERIALS 


TABLE 466.—DEFINITIONS *, BASIC EQUATIONS, AND 
GENERAL DISCUSSION 


B, flux density (magnetic) induction, — Ф/4 = 4rI + H ; unit the gauss, maxwell per 
cm. 

Diamagnetic substances, 4 € 1, K negative. Most diamagnetic substance known is Bi, 4 — 
.9998 k = — 14x 10"*. 

Ferromagnetic substances, и very large, x very large: Fe, Ni, Co, Heusler's alloy (see 
Table 476), magnetite and a few alloys of Мп. и for Heusler's alloy, 90 to 100 for B= 
2,200; for Si sheet steel 350 to 5,300. 

H, field strength, = No. of lines of force crossing unit area in normal direction; unit = 
gauss = one line per unit area. 

Hall effect (galvanomagnetic difference of potential), Ettinghausen effect (galvano- 
magnetic difference of temperature), Nernst effect (thermomagnetic difference of poten- 
а the Leduc effect (thermomagnetic difference of temperature), see Tables 519 
and 521 

Hysteresis is work done in taking a cm? of the magnetic material through a magnetic 
cycle S (H di = (1/4r) fH dB. Steinmetz’s empirical formula gives a close approximation 
to the hysteresis loss; it is aB'? where B is the max. induction and a is a constant (see 
Table 482). The retentivity (B,) is the value of B when the magnetizing force is reduced 
о eC reversed field necessary to reduce the magnetism to zero is called the coercive 
orce (He). 

I, intensity of magnetization or pole strength per unit area, = M/V = m/A where A is 
cross section of uniformly magnetized pole face, and V is the volume of the magnet. 
4nm/A =4nrl = No. of lines of force leaving unit area of pole. 

J, specific intensity of magnetism, = //p where p — density, g/cm*. 

ЈА, Ји, similarly atomic and molecular intensity of magnetization. 

x, susceptibility; permeability relates to effect of iron core on magnetic field strength 
of coil; if effect be considered on iron core, which becomes a magnet of pole strength m 
and intensity of magnetism J, then the ratio //H = (u —1)/4m is the magnetic suscepti- 
bility per unit volume and is a measure of the magnetizing effect of a magnetic field on the 
material placed in the field. » = 42x + 1. 

M, magnetic moment = ml, where / is length between poles of magnet. 

Magneto-strictive phenomena: 

Joule effect: Mechanical change in length when specimen is subjected to a magnetic 

field. With increasing field strength, iron and some iron alloys show first a small incre- 
ment A//I — (7 to 35) Х 107, then a decrement, and for H = 1600. Al/l may amount to 
— (6 to 8) Х 107. Саве cobalt with increasing field d nt decreases, Al/i1 = — 8 X 10°, 
150, then increases in length, 41/1 = + 5 X 10°, H = 2,000; annealed cobalt steadily con- 
tracts, Al/] = — 25 х 10% Н = 2000. Ni rapidly then slowly contracts, A//1 — — 30 X 
10. H= 100; —35 X 1075, H = 300; —36 X 10°, H = 2,000. A transverse field generally 
gives a reciprocal effect. 

Villari effect; really a reciprocal Joule effect. The susceptibility of an iron wire is in- 
creased by stretching when the magnetism is below a certain value, but diminished when 
above that value. 

Wiedemann effect: The lower end of a vertical wire, magnetized longitudinally, when 
a current is passed through it, if free, twists in a certain ‘direction, depending upon circum- 
stances. A reciprocal effect is observed in that when a rod of soft i iron, exposed to longi- 
tudinal magnetizing force, is twisted, its magnetism is reduced. 

p, magnetic permeability, — B/H. Strength of field in air-filled solenoid = H = (41/10) 
ni in gausses, ! in amperes, п, number of turns per cm length. If iron filled, induction 
н i.e., No. of lines of force per unit area, B, passing through coil is greater than 

о. 

Paramagnetic substances, 47» 1l, very small but positive, x — 10? to 10*: oxygen, espe- 
cially at low temperatures, salts of Fe, Ni, Mn, many metallic elements. (See Table 486.) 

Paramagnetic substances show no retentivity or hysteresis effect. Susceptibility inde- 
pendent of field strength. The specific susceptibility for both para- and diamagnetic sub- 
stances is independent of field strength. 

$, magnetic flux, — 4mm +- HA for magnet placed in field of strength H (axis parallel 
to field). Unit, the maxwell. 

Unit pole is of such strength that it will repel another unit pole with a force of one 
dyne; at unit distance in free space, 4m lines of force radiate from it. m, pole strength; 
4m lines of force radiate from pole of strength m. 

x, specific susceptibility (per unit mass) — x/p — J/H. 

Ха, atomic susceptibility, = x X (atomic weight); x“ = molecular susceptibility. 


* See pages 16-18. 
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TABLE 467.——MAGNETIC PROPERTIES OF VARIOUS TYPES OF IRON 
AND STEEL 


From tests made at the National Bureau of Standards. B and H are measured in cgs units. 





Values of B 2000 4000 6000 8000 10,000 12,000 14,000 16,000 18,000 20,000 


А led Norway iron..H .81 1.15 1.60 2.18 3.06 445 7.25 235 116. — 
B 2 и 2470 3480 3750 3670 3270 2700 1930 680 150  — 


Cast i-steel ......... H 2.00 2.90 4.30 6.46 9.82 15.1 249 50.55 135. 325. 
ES и 1000 1380 1400 1240 1020 795 563 317 133 62. 
Machinery steel ........ Н 5.0 8.8 13.1 18.6 25.8 35.8 50.5 760 142. — 

ш 400 455 460 430 390 340 280 210 127 - 
Very pure iron l ....... H 3.30 448 6.35 9.10 13.0 18.9 28.8 47.0 103. 240. 
as received ш 606 893 945 880 770 635 486 340 175 83 
Annealed in се ....Н 46 60 .80 1.02 1.38 2.00 320 113 72.0 194. 
from 900*C ш 4350 6670 7500 7840 7250 6000 4380 1420 250 103 
As гесе!уед............... Hs ESO! Bmaz 18,900, В, 7,650, Не 2.8. 
After annealing........... H mas C150, Bamar 19.500; H: 53 


TABLE 468.——MAGNETIC PROPERTIES OF ELECTRICAL SHEETS 


From tests made at the National Bureau of Standards. B and H are measured in cgs units. 


Values of B 2000 4000 6000 8000 10,000 12,000 14,000 16,000 18,000 20,000 
Dynamo steel .......... Н 1.00 110 1.43 2.00 310 495 920 340 114 — 
и 2000 3640 4200 4000 3220 2420 1520 470 158 — 

Ordinary trans- | ....... Н .60 .87 1.10 1.48 2.28 3.85 10.9 43.0 149 - 


former steel 3340 4600 5450 5400 4380 3120 1280 372 12 - 


и 
High silicon RD 50 70 .90 128 1.99 3.60 980 47.4 165. — 
former steel и 4000 5720 6670 6250 5020 3340 1430 338 109 — 


TABLE 469.—MAGNETIC PROPERTIES OF IRON IN VERY WEAK FIELDS 


The effect of very small magnetizing forces has been studied by C. Baur and by Lord 
Rayleigh. The following short table is taken from Baur’s paper, and is taken by him to 
indicate that the susceptibility is finite for zero values of H and for a finite range in- 
creases in simple proportion to H. He gives the formula k = 15+ 100H, or I = 15H + 
100H?’. The experiments were made on an annealed ring of round bar 1.013 cm radius, the 
ring having a radius of 9.432 cm. Lord Rayleigh’s results for an iron wire not annealed 
give k=64+45.1H, or 1 — 64H -- 5.1H?. The forces were reduced as low аз 0.00004 
cgs, the relation of k to H remaining constant. 





First experiment Second experiment 
H k I H k 
.01580 16.46 2.63 .0130 15.50 
.03081 1765 5.47 .0847 18.38 
.07083 23.00 1633 .0946 20.49 
.13188 28.90 38.15 .1864 25.07 
.23011 39.81 91.56 .2903 32.40 
.38422 58.56 224,87 .3397 35.20 


uu ————————————— —Á o —————» ' ——-A^—:^L——————————"——— 
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TABLE 471—MAGNETIC PROPERTIES OF SOME ALLOYS * 455 
В & Н MEASURED IN cgs UNITS 


Induction data 


Values of B 2000 4000 6000 8000 10000 12000 14000 16000 18000 
Carbon steel .............. H 33 50 61 72 93 155 290 600 — 
9 C, .5 Mn, .2 Si, Bal Fe.. x 60 80 98 111 108 W 48 27 
Chrome о. Н 32 48 61 75 100 175 — — = 
Пав Сг 069 °C. 4... . une. и 63 83 98 107 100 69 — -- Е 
НЕТ К н 30 44 529 02 75 155 225 — — 
Sheet. 5.75 Сг. 1259 СЕ. u 67 91 114 129 133 104 60 — — 
Chrome: -Sa EA ales H 36 47.5 64 80 122 -- — E — 
Sheet, 5.75 Cr, 10 C........ и 56 84 94 100 82 -- = = = 
Tungsten steel ............ H 35 525 63 70 815 115 195 195 500 
0.6 C, 5 W, 0.5 Mn, 025. вм 57 76 95 114 123 104 72 72 32 
Соба Е на Н 140 203 240 269 313 413 649 = == 
Ваг, 36 Со, 5.5 Сг, 3.0 \...в 14 20 25 30 32 29 22 — -- 
(башда лз лу NS Н 134 201 237 258 290 369 651 1355 257] 
12 Со, 17 Мо Ва Ее... p 149 199 253 31 245 925880215 118 7 
AlnicoBl o Es eril sen H 280 400 478 582 910 1820 — се ЕЕ 
12 Al, 20 Ni, 5 Co, Bal Fe.. u 7.1 10.0 126 138 110 66 - — — 
О. Н 360 560 668 785 1020 1680 — — = 
Cast, 10 AI, 17 Ni, 125 Се. а 56 7A 90 10.2 9.8 ДЕ - - 
А Тасо И ann Н 340 515 605 760 1200 1800 = == — 
Sintered, 10 Al, 17 Ni...... и №) 7.8 9.9 10.5 8.3 67  — — — 
РОО о. 83105 473 565 698 1035 2000 — — — 
12 Al 2.5 Ni, Bal Fe....... u 66 85 106 115 9.7 60 — — — 
Up to 5/8x5/8" cross section 
Асо... Н 279 395 478 575 940 1910 — — — 


Cast, 12 A1, 25 Ni, Bal Fe..u 72 10.1 [2139 106 О, => = 
5/8x5/8” cross section and over 


Alnico qd... шо мше... H 500 850 1075 1350 1890 — — — -- 
Cast, and sintered ......... и 4.0 4.7 5.6 5.9 53 -- — — — 
12 Al, 28 Ni, 5 Co, Bal Fe 

О. а. Н 468 560 580 580 598 640 945 — — 
Cast, 8 Al, 14 Ni, 24 Co, 

3 CwlBal Bes... vw ш 4.3 zu 10.3 13.8 16.7 188 148 — - 
A mco он H 430 675 770 845 940 1110 1700 — — 
Cast, 8 Al, 15 Ni, 24 Co, 

3Cu 125 Ti Bal Ее 2..2. u 47 5.9 7.8 9.5 10.6 10.8 82 - — 
Alnicog2 ПР Lun H 610 1000 1300 1600 2000 3000 — -- — 
Cast, 6 Al, 18 Ni, 35 Co, 

В i Bal Бе." u Eg 4.0 4.6 5.0 5.0 48 — -- — 
сийе e A, H 530 645 845 — = — — — — 
Under .155” dia. 60 Cu, 

20 Ni Ва! Бе... и 3.8 6.2 7.1 — -- — - — - 
Cuneo e а n H 590 1000 1630 3200 — — — -- - 
50 Cu, 21 Ni, 29 Co........ р 3.4 4.0 3.7 25 — -- — — — 
Vectolite Е... 7 H 1110 2050 3700 — -- -— — — = 
30 Fe;O;, 44 Fe;O,, 

26 Со. 2 ш 1.8 2.0 17 - — — — — — 
опала E Maximum џи 1.111 


* Much of the data on magnetism was corrected by W. E. Ruder, of the General Electric Co. 
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456 TABLE 472.—SPECIAL TRANSFORMER SHEET 


Low induction values 


=== 


Special Hi silicon steel, (45% Si), .014” sheet 

H; annealed 875°C 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values of B 3.0 5.0 7.0 10.0 13.0 16.0 210 240 
Values of 4 /50 833 875 1000 1083 1143 1167 1200 


Nickel-iron alloy 48% Ni, 52% Fe, .014” sheet 

Allegheny electrical alloy 4750 

Treatment 1100°C 6 hr p.d. H; cooled to room temp. 5 hr 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values ot B 70 150 90190 570 880 1050081520 160 2150 
Values of к 7000 7500 8000 8165 8375 8800: 9000 9430 10280 10750 


Permalloy strip, 79% Ni, 21% Fe 

Treatment H; 1100*C 4 hr f. c. 625°C in air 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values of B 15.0 300 670 1150 1800 2600 365.0 458.0 683.0 805.0 
Values of a 15000 15000 16750 19160 22500 26000 30420 32710 37940 40250 


Monimax 47% Ni, 3%Mo bal Fe, strip .004” 

Treatment annealed 2 hr 1150°C p.d. H2 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values of B -- — - - — 21 26 32 42 50 
Values of p — — — — — 2100 2160 2290 2340 2500 


Mumetal strip .014", 77.2 Ni, 4.8 Cu, 1.5 Cr, 14.9 Fe 

Treatment annealed in p.d. Hz at 1100°C 4 hr f. c. 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values of B 20.0 500 1580 300.0 443.0 600.0 758.0 923.0 1253.0 1420.0 
Values of и 20000 25000 39500 50000 55375 60000 63160 65930 69610 71000 


Cold rolled 3% Si, strip (oriented) .014” 

Annealed in Н, 980°C 
Values of H 0.001 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018 0.020 
Values of B — 7 15 24 33 42 52 63 85 100 
Values of и — 3500 3750 4000 4100 4200 4300 4500 4700 5000 


TABLE 473.—MAXIMUM CORE LOSSES IN ELECTRICAL STEEL SHEETS 


Watts per lb for 60 cycles 


Designation Thickness, in.: .0140 .0155 .0170 .0185 .0220 .0250 .0280 .0310 
At 10,000 gausses 

Armature AISI M-43........ 1.30 1.38 146 1.55 D 1.98 2.23 2.50 

Electrical AISI M-36........ ІРІ? 1:23 1.29 1.35 1.50 1.70 1.94 2.17 

Motor А151 М-27........... 1.01 1.05 1.09 1.14 1.227 130 1.44 1.60 

Dynamo AISI M-22......... .82 .86 .90 .94 1.02 1.10 


Transformer 72 AISI M-19.. 72 ‚76 ‚80 83 .90 97 
Transformer 65 AISI M-17.. .65 .68 2 „75 

Transformer 58 AISI M-15.. .58 .61 .65 .68 

Transformer 52 AISI M-14.. .52 

Transformer 100 AISI M-10.. 

Transforiner 90 AISI M-9... 


At 15,000 gausses 


Armature AISI M-43........ 4.30 437 444 4.50 480 520 5.85 6.50 
Electrical AISI M-36........ 3.60 367 374 380 410 440 495 5.50 
Motor AISI M-27........... 205 275 285 295 320 340 4970 310 
Рупато А151 М-22......... 185 229 231 2.40 260 280 

Transformer 72 AISI M-19.. 1.65 193 2002 210 2275 2.40 

Transformer 65 AISI M-17.. 1.50 1272 1.80 1.88 

Transformer 58 AISI M-15.. 1.40 1.57 105 1172 


Transformer 52 AISI M-14.. 1.00 
Transformer 100 AISI M-10.. .90 
Transformer 90 AISI M-9... .80 
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TABLE 474.—MAGNETIC PROPERTIES OF METALS 457 


Nickel at 0° and 100°C Cobalt at 0° and 100°C Magnetite * 
Н > 1 В и Н S I B u H T B m 
100 35.0 309 3980 39.8 200 106 848 10850 542 500 325 4580 9.16 
200 43.0 380 4966 24.8 300 116 928 11960 39.9 1000 345 5340 5.34 
300 46.0 406 5399 18.0 500 127 1016 13260 26.5 2000 350 6400 3.20 
500 50.0 441 6043 12.1 700 131 1048 13870 19.8 12000 350 16400 1.37 
700 51.5 454 6409 91 1000 134 1076 14520 14.5 

1000 53.0 468 6875 6.9 1500 138 1104 15380 10.3 

1500 56.0 494 7707 541 2500 143 1144 16870 6. 

2500 584 515 8973 36 4000 145 1164 18630 47 

4000 59.0 520 10540 2.6 6000 147 1176 20780 3.5 

6000 592 522 1251 21 9000 149 1192 23980 26 

9000 59.4 524 15585 1.7 At 0°C this specimen gave 

12000 59.6 526 18606 1.5 the following results: 


At 0°C this specimen gave 7900 154 1232 23380 3.0 
the following results: 
12300 67.5 595 19782 1.6 


* These results are given by Du Bois for a specimen of magnetite. 
S = Magnetic moment per gram. I = Magnetic moment per cm, 





Professor Ewing has investigated the effects of very intense fields on the induction in iron and 
others metals. The results show that the intensity of magnetization does not increase much in 
iron after the field has reached an intensity of 1000 cgs units, the increase of induction above this 
being almost the same as if the iron were not there, that is to say, dB/dH is practically unity. 
For hard steels, and particularly manganese steels, much higher forces are required to produce 
saturation. Hadfield’s manganese steel seems to have nearly constant susceptibility up to a 
magnetizing force of 10,000. The following tables, taken from Ewing’s papers, illustrate the 
effects of strong fields on iron and steel. The results for nickel and cobalt do not differ greatly 
from those given above. 








Lowmoor Vicker’s Hadfield’s 
wrought iron tool steel manganese steel 
H if B и Н H B м Н І В и 
3080 1680 24130 7.83 6210 1530 25480 410 1930 55 2620 1.36 
6450 1740 28300 4.39 9970 1570 29650 2.97 2380 84 3430 1.44 
10450 1730 32250 3.09 12120 1550 31620 2.60 2250 84 4400 1.31 
13600 1720 35200 2.59 14660 1580 34550 2.36 5920 111 7310 1.24 
16390 1630 36810 2.25 15530 1610 35820 2.31 6620 187 8970 1.35 
18760 1680 39900 2.13 7890 191 10290 1.30 
18980 1730 40730 2.15 8390 263 11690 1.39 
9810 396 14790 1.51 
TABLE 475.—EFFECT OF TEMPERATURE ON PERMEABILITY OF 
NICKEL-IRON ALLOY (47-50 Ni) ** 
B (gausses) at 
Maximum maximum Permeability 
Test B (gausses) at permeability permeability (B/H) 
Temp. °F 30 H (oersteds) (В/Н) (В/Н) at 100 gausses 
390 11500 79000 4600 8000 
190 11850 59000 4400 7000 
80 12000 49000 4700 6100 
32 12000 44000 5200 5600 
— 42 12200 34000 6000 4500 
—100 12300 30000 7000 4200 


158 Hicks, Laurence C., Nickel-iron alloys for magnetic circuits, Electrical Manufacturing, January 
1946. 
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458 TABLE 476.—HEUSLER MAGNETIC ALLOYS 


Several alloys have been experimented with that, although all the constitutents are non- 
magnetic or very weakly magnetic materials, have quite definite magnetic properties. 
Among these are Nos. 1-3 below, Heusler magnetic alloys. Some alloys made up for the 
most part of magnetic elements are nonmagnetic or very weakly magnetic, i.e., No. 4 below. 


1. 61 Cu, 25 Mg, 14 Al 3. Cu 61.5, Mn 23.5, Al 15 
magnetic with a permeability и Аа 2550 "Бе ТО а тал- 
of 33. ; 
2. 75.6 Си, Мп 14.3, А1 10.1, РЬ 4. Cu 78, Fe 12, Mg 
magnetic B, = 480, H. = 3.8, и nonmagnetic. 
max = 80 


TABLE 477.—PERMEABILITY OF SOME SPECIMENS OF IRON AND STEEL 


This table gives the induction and the permeability for different values of the magnetiz- 
ing force of some of the specimens in Table 493. The specimen numbers refer to the same 
table. The numbers have been taken from the curves given by Hopkinson and may there- 
fore be slightly in error; they are the mean values for rising and falling magnetizations. 








Specimen 8 Specimen 9 (same as Specimen 3 
Magnetiz- Specimen 1 (iron) (annealed steel) 8 tempered) (cast iron) 
ing force - = oT 

H B m B IL B Л В u 
1 — — — — - — 265 265 
2 200 100 — - — - 700 350 
3 - - — — -- - 1625 542 
5 10050 2010 1525 300 750 150 3000 600 
10 1255) 1255 9000 900 1650 165 5000 500 
20 14550 227 11500 575 5875 294 6000 300 
30 15200 507 12650 422 9875 329 6500 217 
40 15800 395 13300 332 11600 290 7100 177 
50 16000 320 13800 276 12000 240 7350 149 
70 16360 234 14350 205 13400 191 7900 113 
100 16800 168 14900 149 14500 145 8500 85 
150 17400 116 15700 105 15800 105 9500 63 
200 17950 90 16100 80 16100 80 10190 51 
Magnetiz- ASTM 20 medium ASTM 30 medium ASTM 40 electric 
ing force (as cast) (as cast) furnace (as cast) 

А 

Н В и В и В и 
5 1300 260 600 120 1750 350 
10 3400 340 2550 255 4100 410 
20 5250 262 4450 222 5950 297 
30 6200 206 5450 181 6950 231 
40 6950 173 6100 152 7600 190 
50 7500 150 6700 134 8250 165 
70 8300 118 7600 108 9100 130 
100 9100 91 8600 86 10050 100 
150 10150 67 9800 65 11100 74 
200 11050 55 10650 53 11900 59 


TABLE 478.—MAGNETIC PROPERTIES OF SOFT IRON AT 0° and 100°C 


Soft iron at 0°C Soft iron at 100°C 
Yh asama Е eee 
Н Б” Li B 4 H S I B u 
100 180.0 1408 17790 177.9 100 180.0 1402 17720. 1М40 
200 194.5 1521 19310 96.5 200 194.0 1511 19190 96.0 
400 208.0 1627 20830 521 400 207.0 1613 20660 51.6 
700 215.5 1685 21870 31.2 700 213.4 1663 21590 29.8 
1000 218.0 1705 22420 22.4 1000 215.0 1674 22040 21.0 
1200 218.5 1709 22670 18.9 1200 2155 1679 22300 18.6 
* Magnetic moment per grain. t Magnetic moment per cm’. 
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TABLE 479.—MAGNETIC PROPERTIES OF STEEL AT 0° and 100°C 


Steel at 0°C Steel at 100*C 
H St It B И Н S I B и 

100 165.0 1283 16240 1624 100 165.0 1278 16170 1617 
200 181.0 1408 17900 89.5 200 180.0 1395 17730 88.6 
400 193.0 1500 19250 48.1 400 191.0 1480 19000 47.5 
700 199.5 1552 20210 28.9 700 197.0 1527 19890 28.4 
1000 203.5 1583 20900 20.9 1000 199.0 1543 20380 20.4 
1200 205.0 1595 21240 17.7 1500 203.0 1573 21270 14.2 
3750* 212.0 1650 24470 6.5 3000 205.0 1593 23020 T 
5000 208.0 1612 25260 5.1 


* The results in this and other tables for forces above 1200 were obtained írom a small piece of the 
metal ү ше! with a polished mirror surface and placed, with its polished face normal to the lines of 
force, between the poles of a powerful electromagnet. The induction was then inferred from the rotation 
of the plane of a polarized ray of red light reflected normally from the surface. (See Kerr’s Constants, 
Tables 516, 517, 520.) 

t Magnetic moment per grain. t Magnetic moment per cm*. 


TABLE 480.—ENERGY LOSSES IN TRANSFORMER STEELS 
D. C. Hysteresis data 
From Bmaz = 10,000 gausses 


Thickness He Br Нтат 

Grade in. oersteds gausses oersteds HeXBr 
Transformer 52 ....... .0140 — 20 4800 2.03 960 
Transtormer 58 ....... .0140 —.24 5050 1.94 1210 
Transformer 65 ....... .0140 —.31 5200 2.16 1610 
Transformer 72 ....... .0140 —.42 6200 2.19 2610 
Transformer 72 ....... .0185 —.43 5050 2.58 2170 
Transformer 72 ....... .0250 = 50 5300 2:72 2650 
удатој. сате « 0140 —.51 6650 2.30 3400 
Dynamo... ess .0185 —.53 5500 2.85 2920 
т. 0250 —.59 5750 2.87 3400 
Moton И 0140 —.55 6350 3.33 3500 
МО НИ О... газ anions 0185 — 6700 2.80 3890 
MOORE ооо .0250 —.63 6900 2.99 4350 
Electrical |... vere .0140 mp 7700 202 4770 
ес{гїша! ............. 0285 —.61 8100 2.16 4950 
Electrical Б... 0250 —.68 8250 2.26 5610 
Armature о. ei ‚0140 --.64 8350 2.30 5350 
Armature -e ........ 0185 —.68 8300 2.20 5650 
Агшаїипге ............. 0250 = 72 8230 2.26 5940 


TABLE 481.—ENERGY LOSSES IN TRANSFORMER STEELS 
ac core losses 
Watts/lb for 60 cycle at 10,000 gausses 


Eddy 

Thickness current 
Designation in. Gage loss Hysteresis Total 
Transformer 52 ....... .0134 29 .149 .345 494 
Transformer 58 ....... 0137 29 163 .385 .548 
Transformer 65 ....... .0136 29 .193 .426 .619 
Transformer 72 ....... .0136 20 .205 .450 675 
Dynamo tr neret 0137 29 ‚218 25/2 .790 
МІН Е е. 0140 29 .245 ‚709 ‚954 
ЕЕС сай. еа. ‚0137 29 .262 ‚852 1.114 
Armature осека ‚0139 29 .486 ‚741 1:227 
Oriented C. R. strip.... .0140 29 .164 .236 .40 





SMITHSONIAN PHYSICAL TABLES 


460 


TABLE 482.—DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION 
OF VARIOUS SUBSTANCES 


C. P. Steinmetz concludes from his experiments that the dissipation of energy due to 
hysteresis in magnetic metals can be expressed by the formula e — aB'*, where e is the 
energy dissipated and a a constant. He also concludes that the dissipation is the same for 
the same range of induction, no matter what the absolute value of the terminal inductions 
may be. His experiments show this to be nearly true when the induction does not exceed 
+ 15000 cgs units per cm*. It is possible that, if metallic induction only be taken, this may 
be true up to saturation; but it is not likely to be found to hold for total inductions much 
above the saturation value of the metal. The law of variation of dissipation with induction 
range in the cycle, stated in the above formula, is also subject to verification. 

The following table gives the values of the constant a as found by Steinmetz for a num- 
ber of different specimens. The data are taken from his second paper. 





Value of 
Kind of material Description of specimen a 
о и... Norway. iron s. WE. SS. MT US .00227 
DNE e e Wrought “Баг t. vec ы .00326 
О оао е Commereiabierrotype plate oec DM .00548 
LET oes is Annealed ü Ut ASA GEN TRU CU .00458 
о. Thur tubliteauses 521. ааш - аы Пай оо антта d .00286 
EE Vue RN Medium-thickness tin plate. sa an eese e .00425 
Stee оу з. Son galvanized нее ИСОИ“ 00349 
ET Ser Annealed castospocl ое .00848 
EE Жо. Жл ш» Soft annealed" cast steel ЕИ ы .00457 
о о, Very sott annealedkeast steel... sees m 00318 
е-е. Same as 8 tempered in соја масни 7 _ 7 .02792 
М 7-7 Tool steel glass hard-tempered in water........... 07476 
а... 5 ЫШ “Чепрегеййг о Е 72 02670 
ИЕС... я Mz annealed ы. сИ „01899 
ЧИН... ла. | f Same as 12, 13, and 14, after having been subjected ) ES 
Doo MENS. о. «to an alternating m. m. f. of from 4000 to 6000 ;4 .02700 
CE ios ie NR. ( атреге turns for demagnetization... и. | | 01445 
Саз топ oeras a >, Gray саз гоп... Ж... И Боз. ИИ 01300 
и. ч i '" containing į% aluminum ......... .01365 
BEER LR... “ ir n P 4% Ma. Ilse .01459 
A square rod 6 cm? section and 6.5 cm long, from 
Марпеше ............ [i Tilly Foster mines, Brewsters, Putnam County, .02348 
New York, stated to be a very pure sample........ 
МАСЕНИ. о... оса сек се СОЙ Ж теа ное...” 0122 
“ Annealed wire, calculated by Steinmetz from 0156 
НИЕ" Ewmg s experiments a. oe onas ee o 
BEN S SET Hardened, also from Ewing's experiments ........ .0385 
Сона Rod containing about 2% of iron, also calculated 0120 
Ше” "хы from Ewing's experiments by Steinmetz ......... ; 
Consisted of thin needle-like chips obtained by 
milling grooves about 8 mm wide across a pile of 
thin sheets clamped together. About 30% by vol- 
Iron filings ume of the specimen was iron. 
Bl lst experiment, continuous cyclic variation of m. m. 0457 
t. ISsüNcycles рег лы... 27% i 
24 experiment, 114ieycles per second 222222 .0396 
3d D 79—90] сус1ез рег $есопа ........... 0373 
Nickel аа oe Венпайбуааы За ЕТ сы EIE 0001 
ПТ РГ ИИИ 00015 
Electrical sheet ........ Silicon steel: 42590" Sit ШЕ эче LL ee .00046 
Siliconesteclid ка И ое. „00051 
Silicon steel g ATSI as doa a TT EUER ee .00056 
Siliconesteel 3.596 о 0 7702 00065 
Silicomestee! 2.59% И О E .00081 
Silicon steel 1.006: S195... Е .00088 
Silicon steel ТТ 27277-02 И .001 
Low carbon 5ћее о... 77.2... ‚003 
Cast steel annealed 2... D .005 
Cast топ аппеа1е о. о a a E .012 
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TABLE 483.—CURIE CONSTANT AND TEMPERATURE FOR 461 
PARAMAGNETIC SUBSTANCES 


The relation deduced by Curie that x — C/T, where C is a constant and T the absolute 
temperature, holds for some paramagnetic substances over the ranges given in the follow- 
ing table. Many paramagnetic substances do not obey the law. See the following table. 





Substance C x 109 Range °C Substance C x 1086 Range °C 
Охуреп.......... 33,700 20° to 450°C Gadolinium sulfate.. 21,000 —259° to 17 
АТ eee 7,830 — — — Ferrous sulfate .... 11,000 --259 “17 
Ра а ти. me. 1,520 20 to 1370 Ferric sulfate ...... 17,000 —208 “17 
Мавпеше ....... 28000 850 “ 1360 Manganese chloride. 30,000 --258 “17 


Санио... 38,500 850 " 1267 


TABLE 484.—TEMPERATURE EFFECT (°C) ON SUSCEPTIBILITY OF 
DIAMAGNETIC ELEMENTS * 





No effect: 
B Cryst. 400 to 1200° P white Se — Sb —170 to 50? 
C Diamond, 4- 170 to 200? У (Орук pot. Br —170 to 18? Cs and Au 
Cougar carbon Zn — 170 to 300° Zr Cryst. —170 to 500° Hg —39 to + 350° 
Si Cryst. As — Са --170 ю 300% Pb 327 to 600° 
Increase with rise in temperature: 
Be — C Diamond, 200 to 1200? I —170 to 114° 
B Cryst. + 170 to 400° Ag — Hg —170 to —30° 
Decrease with rise in temperature: 
C Amorphous Gd —179 to 30° In —170 to 150° | — 
C Ceylon graphite Ge —170to 900° Sb + 50 «о + 631° Pb —170 to 327° 
Cu - Zr 500 to 1200° Te - Bi —170 to 268? 
Zn + 300 to 700° Са 300 to 700° I 4-114 to 4+ 200° 


* Tables 484 and 485 are from Honda and Owen. 


TABLE 485.— TEMPERATURE EFFECT (°C) ON SUSCEPTIBILITY OF 
PARAMAGNETIC ELEMENTS 


No effect: 

Li — K —170 to 150? Cr —170 to 500? W — 

Na —170 to 97? Ca —170 to 18? Mn —170 to 250? Os — 

Al 657 to 1100? V —]170 to 500? Rb — 
Increase with rise in temperature: 

Ti —40 to 1100? Cr 500 to 1100? Ru 4- 550 to 1200? Ba —170to 18? 
V 500 «о 11009 Мо — 170 10 1200" Кћ — Ir and Th 
Decrease with rise in temperature: 

O) — Ti —180to —40° Ni 350 to 800° Pd and Ta 

As —170 to 657° Mn 250 to 1015° Co above 1150° Pt and U 


Mg — (Ее) — Nb —170 to 400? Rare earth metals 


SMITHSONIAN PHYSICAL TABLES 


462 


TABLE 486.—MAGNETIC SUSCEPTIBILITY OF SOME MATERIALS 


If J is the intensity of magnetization produced in a substance by a field strength Н then the 
magnetic susceptibility x = 7/H. This is generally referred to the unit mass; italicized figures 
refer to the unit volume. The susceptibility depends greatly upon the purity of the substance, 
especially its freedom from iron. The mass susceptibility of a solution containing ) percent by 
weight of a water-free substance (susceptibility «) is «» — (p/100)« 4- (1 — р/100) ко. (Ko = sus- 


ceptibility of water.) 


Substance Kx109 
AUN EE anms —.19 
Apo eo T DU —.28 
АШОК С зз... +-.024 

ТТІ С; -1-.65 
А:К:(50,).24Н.О.. --1.0 
АЧ АНГ 222227. --.10 
О 220250 —.3 
AME оше a —.15 
LM ces --.71 
BaCl: ІІІ —.36 
lucu ге» 4-.79 
LEES ees —1.4 
Drm een —.38 
C., arc carbon s... —2.0 
C diamond ........ —.49 
СЕЕ А... +.001 
DISP AUm. о аи +.002 
Сор ғ... —.77 
ОО ese —.27 
CaCl: е е о —.40 
CaCO;, marble ..... —.7 
COMES ы... —.17 
СеВгз ооссеоооюооо с --6.3 
ШОТАН erre —.59 
п БОКУ eec --90. 
COB E ны +47. 
GOL o aso EM +33. 
Со50, о соооооооооо --57. 
Co(NO3)& 152045 2% +57. 
о. 43.7 
EA es iore —.28 
ООО 2. —.09 
О MEE 4-12. 
и... +10. 
Ош РОИ 4-.16 
НЕШЕ. 4- 90. 
eum e vo +90. 
Пе... +82. 
Fe:( NOs). КО ТО: +50. 
Le а... —.002 
ШЕШ е... .000 
Ha, 40 Аїшт......... ‚000 

п... -./9 
НОТР А э. —.80 
о... +.78 
ПЕ... —.70 
По ..... --.19 
Ше... —.4 
ШШ M Ui оа... die: 
JU а. +.15 
EN ez --.40 
EXP ores rs —.50 
BIER or eos ess —.40 
ЕШ... —.38 
ЕЕ ое —.35 
КЕЗ aeann — 42 
KMnO, И С: +2.0 
ЕШ. —.33 
Ев ое... —.50 


Тетр. 
eC 
18 


Re- 
marks 


Cryst. 


Powd. 


Sol’n 


Sol’n 


Substance кх 106 
Ep EI E ЕРУ --.38 
Мо” +.04 
МЕТ eT +.55 
MgSO, КЕК К ** —.40 
о. --11. 
МС m м. ee 4-122. 
MnSOD. +100. 
А п... о .001 
МН e... —].1 
Na oao era o +.51 
МАСЫЗ; И не ЕЕ 50 
Ма:СО: OR desee —.19 
Na:COs: 10 H.O SOO — 46 
Da И +1.3 
МҮС S +40. 
ote И 4-30. 
C) MM ОИ -+.120 
SE S osse -+-.04 
Ро обес и —.90 
Ре 7777 —.50 
Ру ел 2 о — 12 
PEDOL а он s 
О оа + 5.8 
ЕО о y +13. 
ППИ оси +1.1 
ЕТО ан : 
О С eee +111 
MON esie S T ES —.48 
SOIT Atm... 2. —.30 
Ses MEC д —.94 
Se Si. EM nas —.32 
и ee — 12 
5004, Олары 2.2... —.44 
а 5 
So EE Cen -+-.03 
С as —.42 
ЕТКЕ. +.93 
ШОР с. E --.32 
С ах +.18 
(MP E. +3.1 
о. oleae +1.5 
ANNE LEER ses. --.33 
И uus —.15 
ZnSO, ово --.40 
Уы M а... — 45 
CELOH т —.73 
CHOH 2. 0. —.80 
СО ВИ 5 --.80 
С„Н„ьОС%Н» ........ —.60 
Со --.58 
о —.78 
Ebonite ceee eee E +1.1 
Glycerine .......... —.64 
ВИРА Ре --.57 
ParafhnM 9 Мм --.58 
Petroleum c2 —.91 
Toluene зл. s —.77 
Wood И —.2-5 
AyleneX 7.7 еи —.81 
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Ке- 
marks 


Sol'n 


Powd. 


Sol’n 


Powd. 
Sol'n 
Sol'n 


Cryst. 


Sol'n 
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TABLE 487.—TEMPERATURE VARIATION OF RESISTANCE OF BISMUTH 
IN TRANSVERSE MAGNETIC FIELD (°C) 


0 
2000 
4000 
6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 


01a 
.40 
1.16 
282 
4.00 
5.90 
8.60 
10.8 
12.9 
15.2 
17.5 
19.8 
25.5 
30.7 
35:5 


Proportional values of rcsistance 


172 
.88 
.96 

1.10 

1.29 

1.50 

|172 

1.94 

2.16 

2.38 

2.60 

2.81 

3.50 

4.20 

4.95 


0° +18° 
1.00 1.08 
1.08 1-11 
1.18 12] 
1.30 1252 
1.43 1.42 
1757 1.54 
1.71 1.67 
1.87 1.80 
2.02 1.93 
2.18 2.06 
239 2.20 
2,79 2:52 
3.17 2.86 
3.62 5125 


+60° --100% 
1.25 1.42 
1626 1.43 
1.31 1.46 
1-59 1.51 
1.46 1.57 
1.54 1.62 
1.62 1.67 
1.70 12/9 
1.79 1.80 
1.88 1.87 
1.9/ 1.95 
2.22 2.10 
2.46 2.28 
2.69 2.45 


+183° 
ЛӨ 
1.80 
1.82 


1.87 
1.89 
1:92 
1.94 
1.96 


2.03 
2.09 
2.17 
2.25 


TABLE 488.—INCREASE OF RESISTANCE OF NICKEL DUE TO A 


0 
1000 
2000 
3000 
4000 
6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 


--190% 


-- 
-- 


0 


‚20 


.00 


— 


‚17 
19 
217 
18 
18 
18 
217 
17 
16 
14 


ЕП) 


RESISTANCE AT 0°C AND H—0 


75 


0 


+.23 
+.16 
—.05 
—.15 
—.20 
—.23 
—.27 
—.30 
—.32 
—.35 
—.38 
--.41 
—.49 
—.56 
--.63 


ЏО ЈА ЕЕ 


+100° 

0 
+ .96 
+ 72 
— .14 
— .70 
—1.02 
--1.15 
—]1.23 
—]1.30 
--1.37 
--1.44 
--1.51 
--1.59 
--1.76 
— 1.95 
—2.13 


TRANSVERSE MAGNETIC FIELD, EXPRESSED AS % OF 


+182° 


+ .04 
— .07 
— .60 
—1.15 
—1.53 
—1.66 
—1.76 
—1.85 
—1.95 
—2.05 
—2.15 
—2.25 
--2.50 
--2.73 
—2.98 


TABLE 489.—CHANGE OF RESISTANCE OF VARIOUS METALS IN A 
TRANSVERSE MAGNETIC FIELD 


eee 


Cobalt 


Zinc 


Palladium 
Platinum 


* * @ 5% е ө е е 


сео о е 


ee 


eee 


$ ооо 


(Room temperature) 


Field strength Percent 
1 increase 


—1.2 
—1.4 
—1.0 
—1.4 


In gausses 


10000 


ее ее 


воо э ә 


геев э 6 


сое о е 


° е ө ө « 


° ө ө ө ө 


вое о 6 


Фоо ее 


Фоо 6 е 


++++++++ 
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S3 
.03 
.01 
.004 
.004 
.003 
.002 
.001 
.0005 


Metal 
lead E 
Tantalum ..... 
Magnesium ... 
Manganin 
Tellurium 
Antimony 


Ф ооз о ө ө в 


Nickel steel ... 


Field strength 


10000 
6000 


? 
? 


+ 
-. 
+ 
+ 
+ 


-- 


Percent 


.0004 
.0003 

.01 

.01 

.02 to .34 
.02 to .16 


Different specimens show 


very diverse 


results, 


usually an increase in 
weak fields, a decrease 
in strong. 
Alloys behave similarly to 


iron. 
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Electro- 
lytic 
iron 


С 024 
51 004 
.008 
.008 
.001 


2.83 
б 


{ 11400 
[10800] 


1850 
[ 14400] 


{ 19200 
[18900] 
{ 21620 
[21630] 


Chemical uu 
tion in percent E Пп 
S 


Coercive force 


* «© эө ө е «а ө а 


Residual B 


Maximum permeability 1 
Е мое = 150... ..... 


4rJ for saturation..... 


Good 
cast 
steel 


‚044 
004 
40 

044 
027 


|2511 
[.37] 


10600 


[11000] 


3550 


[14800] 


18800 
[19100] 


21420 
[21420] 


Brackets indicate annealing at 800°C in vacuum. 


Poor 
cast 
steel 


‚56 
16 
‚29 
‚076 
035 


7:1 
(44.3) 


10500 
(10500 
700 
(170 
17400 
(15400 
20600 
(20200 


16.7 
(52.4) 


) 


) 


) (18000) 


Parentheses indicate hardening by quenching from cherry-red. 


TABLE 491.—CAST IRON IN 


Soft cast iron 


H B I 
114 9950 782 
172 10800 846 
433 13900 1070 
744 15750 1200 
1234 17300 1280 

1820 18170 1300 

12200 31100 1465 
13550 32100 1475 
13800 32500 1488 
15100 33650 1472 


= = [x G3 Cs O09 
= 


рее а 
bo Сл © © оо 


INTENSE FIELDS 


H 


142 
254 
339 
684 
915 
1570 


2020 
10900 
13200 
14800 


13000 


(7500) 


375 


(110) 


16700 
) (11700) 


19800 


Cast 
iron 
3.11 
2:27 

.56 
1.05 

.06 


11.4 
[4.6] 


5100 
[5350] 


240 
[600] 


10400 
[11000] 


16400 
[16800] 


TABLE 490.—MAGNETIC PROPERTIES OF IRON AND STEEL 





Electrical sheets 


Hard cast iron 


B 


7860 

9700 
10850 
13050 
14050 
15900 
16800 
26540 
28600 
30200 


Silicon 
Ordinary steel 
.036 036 
.330 3.90 
.260 .090 
.040 .009 
.068 .006 
1.30] [77] 
194001 [9850] 
[3270] [6130] 
[18200] [17550] 
[20500] [19260] 
I 4 
614 55.4 
752 38.2 
836 30.6 
983 19.1 
1044 15.4 
1138 10.1 
1176 8.3 
1245 2.4 
1226 22 
1226 2.0 





TABLE 492.—CORRECTIONS FOR RING SPECIMENS 


In the case of ring specimens, the average magnetizing force is not the value at the mean 


radius, the ratio of the two being given in the table. 


The flux density consequently is not 


uniform, and the measured hysteresis 1s less than it would be for a uniform distribution. 
This ratio is also given for the case of constant permeability, the values being applicable for 
magnetizations in the neighborhood of the maximum permeability. For higher magnetiza- 
tions the flux density is more uniform, for lower it is less, and the correction greater. 


Ratio of 


radial 

width to 

diameter Rectangular 

of rings cross section 
172 1.0986 
1/3 1.0397 
1/4 1.0216 
1/5 1.0137 
1/6 1.0094 
1/4 1.0069 
1/8 1.0052 
1/10 1.0033 
1/19 1.0009 


Ratio of average H to 
H at mean radius 


Circular 
cross section 


1.0718 
1.0294 
1.0162 
1.0102 
1.0070 
1.0052 
1.0040 
1.0025 
1.0007 


Ratio of hysteresis for uniform 
distribution to actual hysteresis 


Rectangular 
cross section 


И 
1.045 
1.024 
1.015 
1.010 
1.008 
1.006 
1.003 
1.001 


Circular 
cross section 


1.084 
1.033 
1.018 
1.011 
1.008 
1.006 
1.004 
1.002 
1.001 


а о. ^^ А ERE  › 


SMITHSONIAN PHYSICAL TABLES 


465 


(ропициоә) 
58295 740 08 4 6r18 1071 68 19 „ ” " » " м о y " 
OrZst 091 6v 6 €ZOIT = 8h IST t9 [9 бе ЗЕРЕ » 1494 589 Poolo ТЕ 
коб Ен x. E ( рәчә |........... 
CEZ 99 04 2 » 9 ” 9 -рағц-ПО e a » 9v 
УСТ 605 06%0 0 6861 9L £9 и T и 7 н pappouuy 000070770, » 
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TABLE 494.—DEMAGNETIZING FACTORS FOR RODS 467 


H = true intensity of magnetizing field, H’ = intensity of applied field, Z = intensity of magnet- 
ization, H = H' — NI. 

Shuddemagen says: The demagnetizing factor is not a constant, falling for highest values of 
I to about 1/7 the value when unsaturated; for values of B (= H + 4x I) less than 1000, N is 
approximately constant; using a solenoid wound on an insulating tube, or a tube of split brass, 
the reversal method gives values for N which are considerably lower than those given by the 
step-by-step method ; if the solenoid is wound on a thick brass tube, the two methods practically 
agree. 

Values of K X 10* are given where B 1s determined by the step method and H — H' — KB. 





Values of N X 10* 
Cylinder 
Ballistic step method 


: . Shuddemagen for range of 
Ratio Dubois practical constancy 


о Magneto- Values of K X 10* 
length Uniform metric Diameter 
to magneti- method Diameter Diameter 
diameter Ellipsoid zation (Mann) 0.158 ст 0.3175 ст 1.111 ст 1.905 ст 0.3175 ст 1.1 to 2.0 cm 
5 7015 — 6800 

10 2549 630 2550 2160 — -- 1960 
15 1350 280 1400 1206 — — 1075 — 85.2 
20 848 160 898 775 — -- 671 — 53.9 
30 432 70 460 393 388 350 343 30.9 27.3 
40 266 39 274 238 234 212 209 18.6 16.6 
50 181 25 182 162 160 145 149 127 11.6 
60 152 18 121 118 116 106 106 0.25 8.45 
70 101 13 99 89 88 — — 
80 80 9.8 78 69 69 66 63 5.5 5.05 
90 65 7.8 63 55 56 — 

100 54 6.3 51.8 45 46 41 41 3.66 3.26 

150 26 2.8 25.1 20 23 21 21 1.83 1.67 

200 16 1.57 15:2 11 12.5 11 11 

300 75 .70 7:5 5.0 

400 4.5 9 - 2,8 
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TABLES 495-512.—GEOMAGNETISM * 15° 


TABLE 495.—ELEMENTS OF THE EARTH’S MAGNETIC FIELD 


The elements commonly used to describe the natural geomagnetic field are: 





Symbol Name 
D Magnetic declination 
І Magnetic dip or inclination 
H Horizontal intensity 
X North intensity 
y East intensity 
Z Vertical intensity 
Е Total intensity 


Remarks 


Bearing of magnetic north with respect 
to geographic north, counted positive 
from north around by east 

Positive when Z has downward direction 

Positive regardless of direction 

Referred to geographic north 

Referred to geographic east 

Positive when downward 

Positive regardless of direction 





For a given time and place, the field is completely described by specifying the values of 
three magnetic elements, provided they include one from the group D, X, Y, and one from 
the group, /, Z, F. The ways in which the magnetic elements are interrelated may be 
seen from figure 20 and the formulas below. The formulas in the right-hand group are 


ZENITH 


Es 
А 


4e 
E 


Us 


NADIR 


Fic. 20.—Interrelation of the magnetic elements. 


obtained from the others by differentiation; they are useful when dealing with small incre- 
ments, such as those which describe annual and daily changes and minor local anomalies 
of the geomagnetic field. The formulas pertaining to values of AD and Al are expressed 


in minutes of arc. 


A = tos) 
Yo sine 

а tang» 
H=VX?+ y? 
Е == COS a 
“= tan 
A= sind 
Е= УН? + 2° 


Кух р ү 


АХ = cos D AH — H sin D sin Il’ AD 
AY = sin D AH + H cos D sin l AD 
AF = со$ ГАН + зп 142 





и H AZ —Z AH 

H? sec? I sin 1’ 
м = (42 _ AH) sin 2 
Z H 2 sin l’ 


AZ = tanl AH T Hec је 


* Prepared by E. H. Vestine, Carnegie Institution of Washington, and David G. Knapp, U. S. Coast 


and Geodetic Survey. 


For references, see bibliography following Table 511, p. 501. 


(continued) 
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TABLE 495.—ELEMENTS OF THE EARTH’S MAGNETIC FIELD (concluded) 


For purposes of mathematical analysis, it is convenient to recognize that the magnetic 
intensity or field strength (like other vector fields) is derivable from a scalar function or 
potential. If be the potential corresponding to the geomagnetic field, we may write 


| =— grad РГ, 


whence any of the magnetic elements may be expressed as functions of the potential. 
In polar coordinates (r, 0, X) with origin at the earth’s center, we have 


а 2 { erja)" ТО) ) UE 


where a denotes the earth's mean radius (6.37 X 10* cm) (see Table 827). 


m 
Та = У (gn™ cos mA+An™ sin m X) ps" (0). 


т--0 


Неге 6 is the colatitude and A the east longitude, and the affixes e and i refer to portions 
respectively of external and internal origin. The function 


ү ne (п — ту !)3 
P.™ (6) = із? шем). =” 1 21220 


= Рут (0) мћеп т = 0, 
where 


2n) ! Е а 
Pam (0)- L2) 1. sin" 8 ] cos"" o 
(9) 2" n! (n— m)! un \ EU 


|  (n— m) (n— m — 1) n-m-2 p |. 
poH Um ae COS +... 


Magnetic surveys of portions of the earth have been made by means of observations at 
many thousands of stations, the elements usually observed being D, H, and I. Such sur- 
veys are repeated in part every few years in populated areas, and at intervals of one or 
more decades in most areas, because of a substantial and usually unpredictable change in 
the earth’s field known as geomagnetic secular change. These changes are most accurately 
measured at fixed magnetic observatories to the number of about one hundred. The U. S. 
Coast and Geodetic Survey operates magnetic observatories at Cheltenham, Md.; Tucson, 
Ariz.; Sitka, Alaska; Honolulu, T. H.; and San Juan, P. R. Other nations conduct 
similar measurements. 

Magnetic surveys by airplane will no doubt be commonplace in future years. 

The part of the earth’s field having external origin does not exceed a few percent, and 
its existence has never been indicated with much certainty by the spherical harmonic 
analyses. If the distinction between contributions of external and internal origin in the 
first formula is disregarded, the accompanying tables give the values of the principal har- 
monic terms at various epochs. 

The magnetic moment of the earth as given by the centered dipole approximation for 
1922 was 8.04 & 10% cgs. The axis of this dipole intersects the earth’s surface at points 
called the geomagnetic (axis) poles, located in 1922 at latitude 78?5 N., and longitude 
270?0 E.; and at latitude 78°5 S., and longitude 111° E. In comparison with these cur- 
rently adopted values, the analysis of Vestine and Lange for 1945 shows only slight change 
that may have taken place since 1922. 

The dipole part of the earth’s field diminishes with height h approximately as (1 — 3h/a). 
Values for 1945 have been estimated in tabulation to heights as great as h = 5000 km for 
spherical harmonic terms up to degree six. 

The magnetic north and south poles of popular interest are those defined by H — 0, or 
by I = == 90°. As H changes with time, owing to secular change, these poles must move 
with time, except in the unlikely event that the lines of zero change of X and Y both 
happen to pass through the poles. There are a principal north magnetic pole and a princi- 
pal south magnetic pole, which undergo substantial change in position with time. In addi- 
tion there are undoubtedly local (secondary) magnetic poles near each principal pole. These 
secondary poles occur only in pairs. Of each pair, one pole has the character of a poten- 
tial focus (like the corresponding principal pole), while the other is a "false pole" or node 
of the equipotential lines. The secondary poles do not individually undergo large-scale 
migration, since they are associated with localized magnetic materials in the earth’s crust. 
These occur when such materials succeed in reducing the changing value of H to zero, as 
the principal migrates. 

The principal north and south magnetic poles are not diametrically opposite, each being 
about 2,300 km from the antipodes of the other. 


f See bibliography, reference g, p. 501. 
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TABLE 496.—THE FIRST EIGHT GAUSS COEFFICIENTS OF THE EARTH'S 
MAGNETIC POTENTIAL (V) EXPRESSED IN UNITS OF 10~ cgs 





Gauss 


Source 


Erman- Petersen 


Adams 
Adams 


Fritsche 
Schmidt 
Dyson and Furner.... 
Afanasieva 
Vestine and Lange.... 





Epoch 419 91! 
15357 3235 = 
.... 1829 — 3201 —284 
1845 —3219 — 278 
1880 --3168 --243 
1885 —3164 —241 
1885 --2168 --222 
1922 --3095 --226 
1945 --3032 --229 
1945 —3057 —211 


ћу 92 ду 
+625 + 51 +292 
+601 — 8 4-257 
+578 + 9 +284 
+603 — 49 +297 
+591 — 35 +286 
+595 — 50 +278 
+592 — 89 299 
+590 —125 +288 
+581 —127 +296 


he? 
+157 
+146 
+135 
+149 
+142 
+149 
+ 84 
+ 48 


+164 + 54 





TABLE 497.—SPHERICAL HARMONIC COEFFICIENTS OF THE AVERAGE 
ANNUAL SECULAR VARIATION EXPRESSED IN UNITS ОҒ 10° cgs 





Source 


Dyson-Schmidt 


Bartels 


Carlheim-Gyllenskold .. 


Epoch 219 git ћу 92 921 
1922-1885 +20 — 1 —1 —10 +6 
1920-1902 +42 — 9 +412 — 7 +8 
1920-1902 0 +13 +4 0 —4 

1912.5 425 +1 —7 —7 —1 

1922.5 +28 +4 — 7 —10 +! 

1932.5 +23 +1 — 5 —14 +l 

1942.5 +9 +2 +1 —18 0 


The magnetic moment of the earth (epoch 1922) = 8.06 & 10” cgs. 


Geomagnetic north pole 


Geomagnetic south pole 


Date or 
epoch 


1831.4 
1904.5 


1912.5 
1922.5 
1932.5 
1942.5 


1948.0 


* © е е ® « ө е * * 


Latitude 


Latitude 


Longitude 289.9 
Longitude 109.9 


78.6 N 


ми 


Е 
78.6 5 
Е 


ho! 
—14 
—25 
И 
= 
—14 
= 
—20 


92? he? 
+21 —18 
+13 — 8 
+15 —17 
117 21 
1% = 
„2 = 


TABLE 498.—COORDINATES OF NORTH MAGNETIC POLE 


North 
lati- 
tude 


West 
longi- 
tude 


Observer 


78 05.4 96 53.5 J. C. Ross 


70.5 


70.9 
71.4 
71.9 
72.6 


73.0 


96.5 


96.8 
97.2 
97.6 
97.9 


100.0 


R. Amundsen 


P. H. Serson et al. 


* For authorities, see bibliography, p. 


t Based on th 
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Authority * 


A. Nippoldt ™ 


Vestine et al.? 


[ve et al.t 


R. G. Madill, Arctic, vol. 1, p. 8, 1948. 


501. 
e above position for 1904.5 with reduction for secular change. 


TABLE 499.—COORDINATES OF SOUTH MAGNETIC POLE 471 


South East 
Date or Iati- longi- ) 
еросћ tude tude Observer Authority * 
1841.1 75 00 15345 J.C. Ross (XC. Parr? 
1909.0 72.28 15516 D. Mawson EXC. Багг 
1912.5 2122 150.7 E.N.Webb Vestine et al.^? 
a 70.2 ee eee 
1932. 69.0 ? Em . 
19425 683 1462 a Vestine et а1.1 


1945.0 68.2 145.4 


* For authorities, see bibliography, p. 501. | | 
t Based on the above position for 1912.5 with reduction for secular change. 


TABLE 500.—DIP OR INCLINATION, UNITED STATES 


This table gives for the epoch January 1, 1950, smoothed values of the magnetic dip, 1, сог- 
responding to the longitudes, A, west of Greenwich in the heading and the north latitudes, ®, in 
the first column. The remarks about smoothing, in Table 502, apply to this table as well. 


Ф\\ 65° 70° 75° 80° 85° 909993: — 009. 1055 110° 115° ЖЕТ? 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
DARE CS ud. МР NIU 


а T ME 00556355 550 54:1. 527 аи 3e 

Жж” 22 202 5558 276 Сор 552 520 526 503 7 
a СІ 505290005550 57.0 563° 55055537 526 5010 
29 ... 629 630 628 620 610 598 585 572 560 548 538 


с 
је. 
СА 
> 
сл 
Ф 
со 


647 639 630 618 606 594 582 570 55.9 


33 66.2 665 665 659 649 638 626 61.5 60.4 590 580 

35 67.8 682 682 677 668 658 647 636 624 611 600 

37 69.4 69.9 69.9 695 686 676 666 655 644 630 618 ... 
39 707 713 714 711 704 694 685 674 662 649 636 627 
Но 720 726 728 720 720 712 702 692 080 1671160801} 
43 723 732 739 742 740 736 725 7195 709 606 684 671 659 
45 734 744 752 756 755 750 744 736 726 713 700 688 675 
47 744 756 763 768 769 766 759 751 741 728 716 704 692 
49 755 766 774 780 784 781 773 765 755 7447 730 271905707 


TABLE 501.—SECULAR CHANGE OF DIP, UNITED STATES 


Smoothed values of the magnetic dip for the indicated places for January 1 of the years stated. 
The degrees are given in the third column and in the succeeding column. The remarks about 
smoothing, in Table 502, apply to this table as well. 





Lat. Long. 1930 1935 1940 1945 1950 Lat. Long. 1930 1935 1940 1945 1950 


25 80 55 179 2027214 211210 43° 70° 73° 17 19 24 19 12 
го Ооо. 188} 210. 218 168215 43 80 73 76 80 85 80 74 
2510 51 162 176 178 176 173 43 90 73 39 43 46 40 33 
31 80 62 137 154 166 164 161 43 100 71 67 69 70 63 5 
31 90 60 163 178 185 181 178 43 110 69 50 50 51 45 39 
31 100 58 153 162 165 161 157 43 120 67 20 16 18 14 7 
СВИ ОЕСР ЕО ОУВС 47 70 75 49 46 49 44 36 
37 80 68 102 113 122 118 114 47 80 7⁄6 61 60 62 57 50 
37 90 67 92 101 108 102 97 ЗО 23-22. 21 715 7 
37 100 65 98 104 107 101 96 49 100 76 46 45 43 37 431 
37 110 63 89 91 93 88 82 491 WO 774 72357 32. ЗЕ 267721 


37 120 01 59 62 57 51 49 120 71 68 62 62 58 53 
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Fic. 25.—World isodynamic lines, epoch 1945 (lines of equal total intensity, F, in cgs). 
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TABLE 502.—SECULAR CHANGE OF MAGNETIC DECLINATION IN THE 
UNITED STATES 


Smoothed values of the magnetic declination for the indicated places for January 1 of 
the years stated. The degrees are given in the fourth column, together with the indication 
E (east) or W (west) ; the minutes are given in the succeeding columns. The pattern 
depicted by this table for any date 15 highly smoothed and corresponds with that shown on 
"datum charts" discussed in current publications of the U. S. Coast and Geodetic Survey, 
such as those cited.** The latter contain more detailed secular-change tables, as well as 
current magnetic charts which may be consulted for values reflecting a greater amount of 


local information than it is possible to show in tabular form. 


** See bibliography, references d, e, p. 501. 


Locality Lat. 


At sea 
Maine 
Canada 
At sea 
Conn. 
N. H 


Canada 
At sea 
N 


EC. 
Md. 
Ра. 
Ра. 


М. Ү. 
At sea 
At sea 
At sca 


sea 
С 


сағ 
Га. 
Ark. 
Ark. 
Mo. 
Mo. 


Iowa 
Minn. 
Minn. 
Minn. 
At sea 
Tex. 


Tex. 
Okla. 
Okla. 
Kans. 
Kans. 
[ома 


Minn. 
Minn. 
Minn. 


Long. 


68° 13°W 


68 
68 


16 
ШО 
6 


00000 ӘЭООООС 1-4 4-401 QOO OO oc Фомы Wl 


* East declination. 


W 
W 
W 


пити ШП) 


wm штп] mimo tuom 


1 Values on this line are west, except those marked (*). 


1920 

SION 
269 
241 
311 
355 
349 


154 


100 


1950 


Locality Lat. 

Mexico 28? 100? 
Tex. 30 100 
Tex. 32 100 
Тех. 34 100 
Okla. 36 100 
Kans. 38 100 
Kans. 40 100 
Nehr. 42 100 
S. Dak. 44 100 
N. Dak. 46 100 
М. Бак. 48 100 
Тех. 30 104 
Тех. 32 104 
М. Мех. 34 104 
М. Мех. 36 104 
Colo. 38 104 
Colo. 40 104 
Nebr. 42 104 
$. рак. 44 104 
N. Dak. 46 104 
М. бак. 48 104 
Мехісо 30 108 
М. Мех. 32 108 
М. Мех. 34 108 
Х. Мех. 36 108 
Colo. 38 108 
Colo. 40 108 
W yo 42 108 
W yo 44 108 
Mont 46 108 
Mont 48 108 
Ariz 32 1142 
Ariz 34 112 
Ariz 36 112 
Utah 38 112 
Utah 40 112 
Utah 42 112 
Idaho 44 “ІІ 2 
Mont 46 112 
Мопе 48 112 
Мехісо 32 116 
Calif 34 116 
Calif 36 116 
Nev 38 116 
Nev 40 116 
Nev. 42 116 
Idaho 44 116 
Idaho 46 116 
Mont 48 116 
At sea 34 120 
Calif 36 120 
Calif 38 120 
Calif 40 120 
Calif 42 120 
Огер 44 120 
Wash 46 120 
Wash 48 120 
At sea 38 124 
Calif. 40 124 
Calif 42 124 
Огер 44 124 
Огер. 46 124 
Wash 48 124 


Long. 


8 


Me qup tmu (тту Umi: cung) tU mmu 


Er tz лит 


плита тишти 1] 


112 
75 
98 


1920 1930 


127° 
85 
103 


171 


163 
156 
154 
163 
172 
116 
194 
187 
187 
194 
203 
210 





175 


170 
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478 TABLE 503.—HOURLY DEPARTURE OF MAGNETIC DECLINATION 
FROM NORMAL * 


The daily variation is not predictable in detail since it fluctuates in form and amplitude from 
day to day. However, the variations shown in this table appear with considerable regularity 
when the data are averaged over several months or years. Values are based on the 10 least- 
disturbed days of each month of the interval 1918-1928, using photographic registrations obtained 
at three of the magnetic observatories listed in Table 510. A plus sign signifies that east declina- 
tion is greater, or west declination less, than the mean for the day. 





January, February, 


November, December 


Hour, local Sitka, 


mean time Alaska 
да 0 
4 a.m. + 2 
6 a.m. + 7 
8 a.m. +1.8 
10 a. m. +1.7 

Мооп — 2 
2 p.m. —1.5 
4 p.m. —1.6 
6 p.m. — 9 
8 p.m. — 3 
10 p.m. 0 
Midnight — .1 


Chelten- Tucson, 
ham, Md. Ariz. 

— 2 -- .3 
+ 2 — 2 
+ 8 + 2 
2.5 + 1.9 
+2.5 4-2.3 
—2.0 —1.1 

— 3.2 --22 
--1.5 --1.0 
— 2 0 
+ .5 + 3 
+ 6 + 2 
+ 2 — .l 


* Expressed in minutes. 


March, Avril, 
September, October 
Sitka, Chelten- Tucson, 
Alaska ham, Ariz. 

0 +. + 1 
+ .5 +10 + 3 
+2.4 +2.3 +1.5 
+48 --4.7 +4.0 
+3.6 +2.2 +1.4 
— 6 --3.7 --2.3 
--2.9 --4.7 —2.8 
--32 --2.2 --1.4 
--2.3 — 6 — 6 
--1.3 0 — 2 
— 8 + 3 — 1 
— .3 + 4 .0 


Sitka, 
Alaska 


| 
о 


| ++++ 
— Mg 


FTT виц 


Е ОСЕ: : : 
і Фо Обл бобо мо 


May, June, 


July, August 


Chelten- 


bam, 


Md. 


+ .3 


15 
e 


| +++ 
Бо СО бо с 


+ 


Na сл ДА 


Тисзоп, 


~ 
к=з 
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ве = 
ны RW ! 
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TABLE 504.—HORIZONTAL MAGNETIC INTENSITY, UNITED STATES 


. This table gives for the epoch January 1, 1950, the smoothed horizontal intensity, H, expressed 
in cgs units, corresponding to the longitudes west of Greenwich in the heading and the north 
latitudes in the first column. The remarks about smoothing, in Table 502, apply to this table as 


well. 


&V 65° 70° 


al 

22 

28 

ОЛАМ... e 
ОШ 20 05:232 
od 2 
З 220 
22272027202 
ғ 192 
29e 5 18] 
qM 7171 
43 .165 .161 
45 .156 1151 
47 145 1140 
49 134 129 


757 


267 


80° 


.267 
.259 
251 
241 


201 


208 
196 
184 


171 
‚160 
‚148 
.135 
‚123 


85° 


.274 
.266 
27 
‚247 


237 
225 
2212 
201 
‚188 


‚176 
2162 
‚149 
155 
122 


90° 


282 
273 
.264 
.254 


.244 
2232 
‚220 
‚207 
194 


181 
„167 
.153 
.140 
.126 


.288 
‚278 
.270 
.260 


‚250 
‚230 
227 
‚214 
‚201 


‚188 
174 
160 
‚146 
133 


95° 


105° 


‚296 
‚288 
.280 
‚271 


.262 
252 
.241 


217 


.204 
191 
177 
164 
‚150 


115° 


290 
282 
274 


‚267 
299 
250 
‚240 
‚230 


219 
207 
195 


170 


120% 


282 


276 


.269 
.261 
299 
244 
234 


‚224 
‚214 
202 
‚190 
.178 


125" 


238 
230 
219 


.197 
.185 
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TABLE 505.—SECULAR CHANGE OF HORIZONTAL INTENSITY, UNITED STATES 


Smoothed values of horizontal intensity in cgs units at the indicated places for January 1 of 
the years stated, The remarks about smoothing, in Table 502, apply to this table as well. 


Lat. 
25° 
25 


Long. 
80? 
90 

100 
80 


1930 


.2658 
.2801 
.2908 
2361 
‚2494 
.2622 


.2698 
.2003 
211 
2262 
.2389 
‚2473 


1935 
2012 
2/01 
„2876 
2325 
.2461 
2505 


.2677 
1974 


2084 


2230 
.2372 
.2460 


1940 


.2589 
.2741 
.2861 
.2303 
.2442 
.2578 


.2662 
.1954 
.2068 
2220 
2361 
‚2449 


1945 


.2586 
2109 
.2851 
.2304 
.2441 
2573 


.2656 
‚1958 
2071 
2220 
2359 
‚2446 


1950 
.2587 
227/31 
.2843 
.2306 
.2438 
.2567 


.2648 
1960 


2070 


221 
2395 
‚2442 


Lat. Long. 


43? 


70° 

80 

90 
100 
110 
120 


70 
80 
90 
100 
110 
120 


1930 


1027 
1621 
.1693 
.1838 
.2015 
.2154 


.1405 
.1362 
.1256 
.1406 
.1601 
.1783 


1935 
.1613 
.1604 
‚1675 
1622 
‚2002 
‚2143 


‚1398 


11952 
.1249 
.1398 


.1592 


1775 


1940 
‚1601 
.1589 
.1664 
.1814 
.1994 
2195 


‚1389 
‚1342 
‚1243 
‚1394 
‚1587 
1771 


1945 
.1608 
1595 
1671 
.1820 
‚1997 
‚2136 


‚1398 
1350 


11253 


.1403 
.1594 
1775 


TABLE 506.—VERTICAL MAGNETIC INTENSITY, UNITED STATES 


1950 


.1613 
.1598 
167) 
.1820 
.1996 
.2136 


.1403 
1353 
1255 
‚1405 
‚1597 
17/7 


. This table gives for the epoch January 1, 1950, the smoothed vertical intensity, Z, expressed 
in cgs units, corresponding to the longitudes west of Greenwich in the heading and the north 
latitudes in the first column. The remarks about smoothing, in Table 502, apply to this table as 


well. 


65° 


ӨТІ 
„521 
921 
.518 


70° 


454 
465 
480 
493 


.509 
.518 


527 
.534 
.541 
.546 
.542 


257 
246 
‚402 
425 
445 
463 


480 
494 
ПІ 
.526 
.536 


.544 
.554 
.561 
.563 
305 


80% 


.399 
422 
448 
‚468 


.488 
‚505 
2502 
‚536 
‚545 


357 
‚566 
1945 
.578 
.581 
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85* 
391 
.419 


.442 
.465 


.484 
.503 
.520 
.536 
.548 


.999 
.569 
Oa 
.983 
.995 


908 
389 
414 


435 
458 


478 
.495 
‚513 
:529 
.545 


J98 
.566 
.576 
.585 
‚596 


957 


„378 
401 
.426 
447 


.467 
.487 
.505 
-521 
„536 


531 
209 
„272 
.583 
,991 


100° 


367 
390 
413 
434 


‚456 
477 
505 
‚514 
1591 


.546 
.558 
EE 
.581 
.586 


1057 


.354 
.376 
.399 
.421 


.442 
.464 
.485 
.502 
E 


530 
NS 
.564 
.576 
‚581 


110° 


362 
383 
404 


427 
.449 
471 
491 
‚509 


.524 
‚538 
550 


570 


115° 


548 
368 
389 


411 
432 
453 
473 
491 


‚509 
000 


.548 
.556 


120% 


356 
376 
398 
418 
437 


.456 
.473 


.490 
.506 
oa) 
2539 
.543 


125% 


461 
476 
490 
503 


.518 
927 


480 


TABLE 507.—SECULAR CHANGE OF VERTICAL INTENSITY, UNITED STATES 


Smoothed values of vertical intensity in cgs units at the indicated places for January 1 of the 
years stated. The remarks about smoothing, in Table 502, apply to this table as well. 


leat 


25° 


Long. 
80? 


1930 
.4243 
4174 
‚3959 
4902 
4835 
„4644 


„4351 
5415 
5368 
.5236 
.5005 
.4654 





1935 


.4240 
4171 
.3952 
.4889 
.4823 
.4624 


.4332 
.5389 
.5341 
.5207 
4977 
.4623 


1940 


.4236 
.4162 
‚3933 
.4887 
.4810 
.4603 


.4307 
.5378 
55407 
.5189 
.4961 
.4612 


1945 


.4228 
.4148 


1950 


.4222 
.4139 
.3896 
.4875 
.4778 
.4559 


.4268 
.5386 
.5287 
5157 
.4908 
.4564 


Lat. Long. 


43° 
43 
43 
43 
43 
43 


47 
47 
49 
49 
49 
49 


70° 

80 

90 
100 
110 
120 


70 
80 
90 
100 
110 
120 


1930 


5417 
„5754 
E] 
.5696 
.5486 
.5158 


5559 
‚5907 
‚6110 
2979 
.5806 
19551 


1935 
.5382 
.5719 
.5734 
.5658 
.545] 
‚5115 


oul 


‚5856 


‚6067 


.9937 


.5754 
.5474 


1940 
.5370 
.5698 
2713 
‚5639 
.5434 
.5104 


.5496 
.5828 
.6029 
.5905 
9/29 
.5461 


1945 
9209 
.5687 
‚5702 
.5618 
.5413 
.5085 


.5498 


.5824 


.6024 
.5897 
9/22 
.5452 


1950 


.5343 
‚5660 
.5659 
.5579 
.5381 
.5061 


.5464 
.5784 
.5964 
‚5860 
‚5701 
5431 





TABLE 508.—TOTAL MAGNETIC INTENSITY, UNITED STATES 


This table gives for the epoch January 1, 1950, the smoothed total intensity, F, expressed in 
cgs units, corresponding to the longitudes west of Greenwich in the heading and the north lati- 
tudes in the first column. The remarks about smoothing, in Table 502, apply to this table as well. 





75° 
463 
.480 
.495 
.508 
.520 


2990 
.539 
.550 
.561 
.566 


.570 
.576 
.581 
.580 
579 


80° 


.480 
.495 
.514 
.526 


85? 


477 
.496 
312 
.526 


.539 
292 
.562 
9/2 
2949 


.586 
:991 
.594 


607 


90° 


481 
.496 
.509 
.524 


‚536 
‚547 
9529 
‚568 
‚578 


.586 
.590 
.596 
601 
609 


25 


475 
.489 
.504 
‚518 


.530 
.543 
S 
.564 
5/2 


002 


594 
601 


606 


100% 


.469 
482 
497 
‚509 


25 
.536 
.549 
.560 
.571 


.580 

267 

‚595 

: .602 ; i 
; : : i а : А Ел 


603 


105° 


461 
473 
‚487 
ЭШ 


‚514 
526 
541 


110° 


464 
476 
488 


.502 
917 
Sol 
.544 
.556 


.566 
.574 


115" 


453 
464 
476 


‚490 
‚503 
‚518 


120° 


454 
466 
480 
493 
505 


.518 
.528 


2090 
.549 
.559 


125* 


TABLE 509.—SECULAR CHANGE OF TOTAL INTENSITY, UNITED STATES 


Smoothed values of total intensity in cgs units at the indicated places for January 1 of the 
years stated. The remarks about smoothing, in Table 502, apply to this table as well. 


Eat. 
25° 
25 


Long. 
80? 


120 


1930 
.5004 
.5026 
.4912 
.5441 
.544] 
.5332 


.5120 
45/73 
.5768 
19703 
.5546 
‚3271 


1935 


‚4980 
‚5002 
‚4689 
‚5414 
.5415 
3305 


‚5092 
-5739 
8/92 
‚5668 
SE 
15237 


1940 


4964 
4984 
4864 
.5402 
.5394 
15270 


.5064 
.5722 
3/19 
‚5647 
5494 
5222 


1945 


„4956 
„4968 
„4843 
.5398 
.5380 
10295 


.5047 
.5716 
.5701 
.5626 
.5473 
.5202 


1950 


.4951 
.4959 
.4823 
20393 
.5364 
19232 


5028 
.5703 
5077 
9507 
.5444 
19176 


Lat. 
43? 
43 
43 
43 
43 
43 


Long. 


70? 

80 

90 
100 
110 
120 


1930 


1935 


.5619 
.5940 
.5974 
.5944 
.5807 
.5545 


‚5686 
.6010 
.6194 
.6099 
.5970 
.5754 


1940 
.5604 
3915 
5252 
9923 
.5788 
15502 


.5669 
.5981 
.6156 
.6067 
.5945 
.5741 


1945 


.5601 
.5907 
.5942 
.5906 
.5770 
.5516 


.5673 
9979 
.6153 
.6061 
.5940 
.5734 


1950 


.5581 
.5881 
.5901 
.5869 
.5740 
.5493 


.5642 
.5940 
.6095 
.6026 
.5920 
S215 


Е —————————————_—_—_—__——— 


SMITHSONIAN PHYSICAL TABLES 


481 


14695 
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TABLE 512.—MAGNETIC AND ELECTRIC DATA FOR SUN AND EARTH 


(Chapman, Cosmical magnetic phenomena, Nature, vol. 124, p. 19, 1929.) 


Sun's magnetic field too small to be measured by direct effects on earth; measured by 
Zeeman effect on spectrum lines. 

Earth's magnetic axis inclined 12? to rotation axis. 

Earth's field rotates at same speed as nearly rigid earth. 

Earth: Polar intensity of field 4 gauss. 

Sun: Intense local fields frequent, 3000 gauss. The magnetic field of spots reverses each 
cycle (Proc. Astron. Soc. Pacific, vol. 41, p. 136, 1929). The polarity of leading spot in a 
bipolar group in the Northern Hemisphere is opposite that in the Southern Hemisphere— 
relationship reverses each new sunspot cycle .. complete magnetic cycle is double sun- 
spot cycle. 


Specific resistances: Earth Sun ` (Chapman, loc. cit.) 
Heaviside layer, 10°° Reversing layer, 3 X 10% 
Dry earth, 10° to 10° Photosphere, 10% Т, 10000°К. 
Sea water, 2 10 Center, 3х 10, Т, 4х 10: 


200-600 т deep, ЗХ 10° 


Further characteristics of spots: (Milne, Monthly Notices, Roy. Astron. Soc., vol. 90, 
p. 487, 1930.) Umbra (dark center), 800 (very small) to 80,000 km across: penumbra 
may reach 240,000 km. Generally short-lived. A few last several (3) rotations, very 
rarely 6; one in 1840, 18 months. Most occur in 2 belts 5? to 40^ N. and S. latitudes, 
often occur in pairs (see above). Umbra temperature 4000* K. Evershed gives velocity of 
outburst ігот spot 2 km/sec. 
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TABLES 5$13-521—MAGNETO-OPTIC EFFECTS 503 


Faraday discovered that, when a piece of heavy glass is placed in magnetic 
field and a beam of plane polarized light passed through it in a direction parallel 
to the lines of magnetic force, the plane of polarization of the beam is rotated. 
This was subsequently found to be the case with a large number of substances, 
but the amount of the rotation was found to depend on the kind of matter and 
its physical condition, and on the strength of the magnetic field and the wave- 
length of the polarized light. Verdet's experiments agree fairly well with the 


formula 
ау \ r? 
0 = «ІН (> = т 


where c is a constant depending on the substance used, / the length of the path 
through the substance, H the intensity of the component of the magnetic field 
in the direction of the path of the beam, r the index of refraction, and A the 
wavelength of the light in air. If H be different, at different parts of the path, 
ІН is to be taken as the integral of the variation of magnetic potential between 
the two ends of the medium. Calling this difference of potential v, we may 
write 6 = Av, where A is constant for the same substance, kept under the 
same physical conditions, when the one kind of light is used. The constant A 
has been called ‘‘Verdet’s constant," and a number of values of it are given in 
Tables 514-517. For variation with temperature the following formula is 
given by Bichat: 
R — R,(1 — 0.00104t — 0.0000141?), 


which has been used to reduce some of the results given in the table to the 
temperature corresponding to a given measured density. For change of wave- 
length the following approximate formula, given by Verdet and Becquerel, 
may be used: 


6, pr? (par? = 1)А,? 


0; р? (ше? = 1)№2' 


where y is index of refraction and A wavelength of light. 

A large number of measurements of what has been called molecular rotation 
have been made, particularly for organic substances. These numbers are not 
given in the table, but numbers proportional to molecular rotation may be de- 
rived from Verdet’s constant by multiplying in the ratio of the molecular weight 
to the density. The densities and chemical formulas are given in the table. In 
the case of solutions, it has been usual to assume that the total rotation is simply 
the algebraic sum of the rotations which would be given by the solvent and dis- 
solved substance, or substances, separately ; and hence that determinations of 
the rotary power of the solvent medium and of the solution enable the rotary 
power of the dissolved substance to be calculated. Experiments by Quincke 
and others do not support this view, as very different results are obtained from 
different degrees of saturation and from different solvent media. No results 
thus calculated have been given in the table, but the qualitative result, as to the 
sign of the rotation produced by a salt, may be inferred from the table. For 
example, if a solution of a salt in water gives Verdet’s constant less than 0.0130 
at 20°C, Verdet’s constant for the salt is negative. 

As a basis for calculation, Verdet’s constant for carbon disulfide and the 
sodium line D has been taken as 0.0130 at 20°C. 
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504 TABLE 513.—DISPERSION OF KERR EFFECT 


Wavelength „5u 1.04 1.5ш 2.0ш 2.5д 
Steel аыл Лл: —11: —16: —14. —11. --90 
а ТТ Те -- 9.5 —11.5 — 9.5 —11. —6.5 
ЈОКО ee — 5.5 — 4.0 0 + 1.75 +3.0 


Field intensity = 10,000 cgs units. (Intensity of magnetization = about 800 in steel, 700 
to 800 in cobalt, about 400 in nickel.) 


TABLE 514.—VERDET’S CONSTANT 
Part 1.—Solids 





Verdet’s 
constant 
Suhstance Formula Wavelength in min 
и 
ЖЕТЕН С. .589 .0095 
МЕСТ coUe E ZnS s .2234 
РЈ а 22-22 E S v C 2 0127 
сас агае и, РЬВ.О. Д 0600 
КЕНЕТ... Se ‚687 4625 
ои кон 222222227... Na;B4,O: „589 0170 
Дїапеппе (Сїиргие) .......................... СигО ‚687 „5908 
ЕК ОШО Leo ecce ero P NIU IUE CaF: ‚2534 05989 
13055 .02526 
.4358 .01717 
.4916 .01329 
.589 .00897 
1.00 .00300 
2.50 .00049 
3.00 .00030 
Glass: 
Пепа теди рһоѕрћаїе ст... о. о. .589 0161 
heavy crown 01143... 990854213 се. i .0220 
light flint, 0451 о M 0S T, Ы 0317 
heavy Mint ОӘО С м... о .0608 
E о SIOE ое > пе ы ‚0888 
Е ЕАО оо о ‚313 0674 
DLE tM uix OS oM DO ЛЫК са .405 .0369 
ШЛУ еу RR Les .436 0311 
Quartz, along axis, i.e., plate cut | to axis SiO; 2194 1587 
.2573 .1079 
.3609 .04617 
.4800 .02574 
.5892 01664 
„6439 01368 
Қыс сандр тен с” А а ары Ее NaCl 2099 .2708 
3100 21561 
„4046 0775 
‚4916 0483 
6708 0245 
1.00 .01050 
2.00 .00262 
4.00 .00069 
Sugar cane along axis ЦА... пера се СНО» .451 0122 
.540 .0076 
| ‚626: 0066 
axis ПА (225 е - .451 .0129 
„540 0084 
| „626 0075 
ООРОО ЕТ ООО: КСІ (4358 0534 
„5461 0316 
‚6708 02012 
90 01051 
1.20 00608 
2.00 00207 
4.00 00054 
(continued) 
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TABLE 514.—VERDET'S CONSTANT (concluded) 505 
Part 2.—Liquids (for A — 0.589 „) 


Density Verdet's 


Chemical in g per constant Temp. 
Substance formula cm? in min S 
ООС ОЗО ООО ОООО Ee du ER ME C;H4,O .7947 0113 20° 
Acids ОИСЕ о СН.О, 12273 0105 15 
Асе e ОО зз». эл С-Н.О: 1.0561 0105 21 
ру ое ПОГ В уу з... + НСІ 1.2072 0224 15 
Hydirobromic ОЕ... НВг 1.7859 0343 d 
FIvdroiodic. 2955999 9 uo HI 1.9473 .0515 2 
МИС НИ Е sc o О: HNO; 1.5190 .0070 13 
zwueohols: Methyl 2e re nes CH;OH .7920 0093 20 
кру И ао С.Н5ОН .7900 0112 B 
benzene. неи ens .8786 .0297 5 
Bromides Methyl а... eee CHBr 1.7331 .0205 0 
Feny е C,H; Br 1.4486 0183 15 
Carbon 222222227777 2 С5: 1.26 .0420 18 
Chlorides Carbon ое. са, 1.60 0321 15 
(Chloroforni 22222222222. CHCl; 1.4823 .0164 20 
КҮП Шибе К сви та САНС 9169 0138 6 
ПСС МЕУ mme bes CEDE 2 2532 0336 15 
tho] E E C;H;I 1.9417 .0296 М 
Nitrates Methyl aaa ee ea CH;0-NO, 1.2157 .0078 Ы 
КООГА о емы ers C;H,O- NO. 1.1149 .0091 
агаа Реп(апе ere С.Н. 6332 0118 к 
Pe RAN CMR has os ho en ss es С.Н, .6743 0125 €: 
OUEN ce НИ e err n СН 8581 „0269 28 
Mater 27490 eov CS H:O T .1042 м 
Кз у л ы... UN ewe .0776 
A ee ы. буг 0293 
М-ы M. Nr .0131 
UU LEE o ено ctus mr e .00410 
т. n ae „00264 be 
Xylene Ese САН» 8746 0263 27 








TABLE 515.—VERDET'S CONSTANT FOR SOLUTIONS OF ACIDS AND SALTS 
IN WATER (à = 0.589 4) 





Density Verdet’s Density Verdet’s 
Chemical g per constant Temp. Chemical g per constant Temp. 
formula cm? in min ЯС formula cm? in min °С 
ШЕ голы уал ее» 1.3775 0244 20° HEC У 1.6933 | —.2026 15° 
EON les 1.1573 .0204 на 1.5315 —.1140 4 
НИ"... а 1.0762 0168 à EM ce 1.1681 --.0015 |. 
Б. 1.9057 0499 = БРЕ 1.0864 .0081 6 
ИЕ оо 1.1760 .0205 Е RE IN 1:0232 .0122 ~ 
ЕШ... 1.3560 .0105 5 НЕ о. 1.0381 ‚0137 16 
МЫ 222222 8918 0153 15 Nau s а 1.4685 .0270 15 
ПЕ Вг... 1.2805 0226 и PAP CE 1.2432 .0196 E 
Бары е... 1.5399 0215 20 КОР. „о лаике 1.6000 ‚0163 ч 
Quir ....... 1.3291 .0192 4 Мас ЖО 1.0418 0144 Н 
Сави... 1.2491 0189 d РО С 1.1921 ‚0162 А 
ЕВ 1.1424 0163 M СЁ 1.3280 0266 E 
7 eue 1.0876 .0151 Е ZnCl ЕТ 1.2851 0196 ы 
Марр аа. 1.1351 0165 yi МЫЛ 27 1.5948 0396 и 
O 1.0824 .0152 i MES O- — 1.2341 .0235 E 
о, ...... 1.1906 .0140 S КТЕ СЕ 1.6743 0338 д 
МАО си» 1.1006 0140 A D A. 1.1705 0182 3 
WERC УИ 1.0718 .0178 15 ESO eos 1.0634 .0130 20 
Басы 2... 1.2897 .0168 20 NaNO; 2... .+ 1.1112 0131 d 
edel 52-25: 1.3179 .0185 | U.0;N.0s ... 2.0267 0053 $ 
КА... 11732 0160 s P ... 1.1963 0115 B 
а ааа 1.1504 ‚0165 ы Ва... 1.1788 .0134 » 
МЕТЕЛЬ 1.0832 0152 ш КО ин met 1.0475 0133 » 
Бесс 1.4331 0025 15 а TT 1.0661 0135 б 
ЕЕ s 1.1093 0118 m 
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506 TABLE 516.—VERDET'S CONSTANT FOR SOME GASES 


Du Bois shows that in the case of substances like iron, nickel, and cobalt which have a 
variable magnetic susceptibility the expression in Verdet's equation, which is constant for 
substances of constant susceptibility, requires to be divided by the susceptibility to obtain 
a constant. For this expression he proposes the name "Kundt's constant.” These experi- 
ments of Kundt and Du Bois show that it is not the difference of magnetic potential be- 
tween the two ends of the medium, but the product of the length of the medium and the 
induction per unit area, which controls the amount of rotation of the beam. 

Some data on the Verdet constant of gases by Ingersol (*) and by de Mallemann (t) 
for wavelength 5780A, pressure 760 mmHg, and at temperature 0°C: 


Verdet Verdet Verdet 
constant constant constant 
Substance in min Substance in min Substance in min 
Hydrogent ... 629X10° Helium* ..... .51 X 10”. Methane t я 17.4 x 107 
Hydrogen* ... 6.26 Oxygen* ..... 5.55 Ethylenet .... 34.4 
Deuterium * ... 6.21 Oxygen! ..... 5.69 Ethylene* .... 34.6 
Nitrogen * .... 6.30 Argon! 07 9.36 Carbon dioxide * 9.25 


Тће de Mallemann values are from numerous papers in Comptes Rendus, 1929 to date 
(See in particular R. de Mallemann, F. Suhner, and J. Grange, C. R., vol. 232, p. 1094, 
1915. See also P. Gabiano Ann. d. Physique, vol. 10, p. 68, 1933.). The Ingersoll values 
are from an ONR preliminary report (October 1952). The probable error of the de Malle- 
mann and the Ingersoll values is of the order of 1 percent. The dispersion of the rotation 
for most gases, except oxygen, 1s roughly as the inverse square of the wavelength. 


Verdet’s 
constant 
Substance Pressure Temp. in min 
ГИйПО8рег АШ ....................... Atmospheric Ordinary 6.83 X; 10? 
(Carbon dioxide... clc emere M А 13. H 
(Carbon disilbie _...................... 74 cmHg 70°C 2349 % 
Ethylene но ооа Atmospheric Ordinary 3448 “ 
НОС ЕП ООШ ...................... E 692 “ 
ТОЧ ОСЕ о еса, т ~ 16.90 bc 
a СП EM eos Eee rra "A M 6.20 ШШ 
ТОЕ e mace es P H 31.39 У 
x ПИР а Я 246 стНе 20°С 3840 % 


TABLE 517.—VERDET'S AND KUNDT'S CONSTANTS FOR SOME MATERIALS 


The following short table is quoted from Du Bois's paper. The quantities are stated in 
cgs measure. circular measure (radians) being used in the expression of "Verdet's con- 
stant" and “Kundt’s constant." 





| Verdet's constant Wavelength 
Magnetic oH of light Knudt’s 
Name of substance susceptibility Number in cm constant 
а... - - 6.44 107 3.99 
СЕКЕ... — - £ 3.15 
о... № — 6.50 2.63 
Oxygen: 1 atm...... +. 0126 X 10- z .000179 x 10-5 5.89 d .014 
Sulfur dioxide ...... —.0751 ‚302 и А — 4.00 
Water о... —.0694 “ 377 Ё | -- 5.4 
[Ыгїс асш .......... --.0633 Е .356 a E — 5.6 
Alcohol Teos. cersesc —.0566 ч ‚330 E и — 5.8 
Е спер... --.0541 i 315 E s — 58 
Arsenic chloride ..... —.0876  * 1:222 D ч --14,9 
Carbon disulfide ..... —.0716 “ 1:227 ы " =] 
Faraday's glass ..... —.0982 “ 1.738 ~ " --17.7 
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TABLE 518.—VALUES OF KERR'S CONSTANT 507 


Du Bois has shown that the rotation of the major axis of vibration of radiations normally 
reflected from a magnet is algebraically equal to the normal component of magnetization 
multiplied into a constant K. He calls this constant K, Kerr's constant for the magnetized 
substance forming the magnet. 





Kerr's constant in minutes per cgs unit of magnetization 


Color Spectrum Wave- 

of light line length Cobalt Nickel Iron Magnetite 
Red Lia ‚677 ц —.0208 --.0173 --.0154 +.0096 
Кед — .620 —.0198 —.0160 —.0138 --.0120 
Yellow D .589 --.0193 —.0154 —.0130 4-.0133 
Green b ‚517 —.0179 —.0159 —.0111 --.0072 
Blue F ‚486 --.0180 --.0163 --.0101 +.0026 
Violet G .431 --.0182 --.0175 --.0089 - 


TABLE 519.—TRANSVERSE GALVANOMAGNETIC AND THERMOMAGNETIC 
EFFECTS 

Effects are considered positive when, the magnetic field being directed away from the 

observer, and the primary current of heat or electricity directed from left to right, the 


upper edge of the specimen has the higher potential or higher temperature. 
E = difference of potential produced; T = difference of temperature produced; I = 


primary current ; = — primary temperature gradient; B — breadth, and D — thickness, 
x 


of specimen; H = intensity of field, cgs units. 


Hall effect (galvanomagnetic difference of potential), E — RE 

Ettingshausen effect ( “ “ temperature), 7 = p 

Nernst effect (thermomagnetic ©“ “ potential), E = QHBS 

x 
Leduc effect ( ч i " temperature), T — НВ. 
x 
Substance Values of R Р х 106 Q x 109 S x 108 

ЕН Е. + 400 to 800 +200 +360000 +400 
О 2225.22.22... +9 “.22 +2 +-9000 to 18000 +200 
cin) c —X 4-.012 “ .033 —.07 --700 “ 1700 +69 
Heusler alloy .......... +.010 “ .026 — --1600“ 7000 
Juss e 22 +.007 “ .011 —.06 —1000 “ 1500 +39 
ОБЕ ee dosis 4.0016 “ .0046 4.01 +1800 “ 2240 +13 
AE aA ое — — --54 “240 4-13 
Cad ИШТА ос. о. села --.00055 
ІП 222222 --.00040 — upto —50 + 5 
Дева И Со: +-.00009 = —5.0 (?) 
e d. io ы ыы —. — —4.0 (?) 
О. —.0002 - — — 2 
9524 3 CERRO TT CETTE. —.00052 — — 90 to 270 —18 
German silver .......... —.00054 
(Gold vo eec ves —.00057 to .00071 
Wonstantine nese. «08 cans —.0009 
Мапрапезе ............ —.00093 
БАЛАН rers --.0007 to .0012 — -г.50 to 130 -- 3 
ОВП иа аж» ai —.0008 “ .0015 — —46 “ 430 --41 
SOUU оен, —.0023 
Magnesium. eee oe —.00094 to .0035 
Aluminum ............. --.00036 “ .0037 
Nickel оаа: --.0045 “ .024 +.04 (о .19 4-2000 ** 9000 —45 
а ла. —.017 4-5. +100 
Bismuth o metere — upto 16. +3 to 40 + up to 132000 —200 
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508 TABLE 520.—DISPERSION OF KERR EFFECT 


Шри 


Field 
Mirror cgs 
ле 21,500 
Ва 2222222 20,000 
Еее 19,000 
sd о а ска 19,200 
ШОТ ee. war ws Sata we 19,800 
Варне .......... 16,400 


Aly 
—.25 
—.36 
—.16 
—.27 
—.22 
—.07 


.44и 
—.26 
—.35 
—.15 
—.28 
—.23 
—.02 


.56u .60u .64u .66u 
—.36 —.42 --44 --.45 
—.35 —.35 —.35 —.36 
—.14 —.14 —.14 —.14 
—.38 —.40 --.44 --.45 
—.23 —.22 —.23 —.23 
+.08 +.06 -.04 --.03 





TABLE 521.—VARIATION OF HALL CONSTANT WITH THE TEMPERATURE 


— 





Bismuth 
H —182°C --909 --23% 


411.5° +100° 


Antimony 


—186°C —79° --21.5% - 58% 





1000 22 28580-17013 7% 263 240 20 
2000 550 250 160 127 7.17 250) 243 211 
3000 497 229 151 121 7% do 235 200 2203 
4000 458 215 143 115 6.95 
5000 426 202 136 1.0 6.84 
6000 40.1 189 129 106 6.72 
Bismuth 
H +14.5°C +104° 125° 189° 239° 259° 269° 2708. 
890 5.28 2.57 212 1.42 1.11 97 .83 77% 


* Melting point. 
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TADBIESO522:555 —wP TICATL GLASS AND OPTICAL CRYSTALS 


Optical glass and optical crystals are in general described by giving their 
indices of refraction for standard wavelengths, such as the D, А, C, Р, 
etc., lines and their v values = (np — 1)/(np — nc). Also, the spectral trans- 
mission and some other physical constants may be given. In addition, many 
crystals have different optical properties in different directions which require 
some consideration of their optical axes. For glasses used as filters the spectral 
transmission is an important item. A table of wavelength units and some data 
on various types of optical glass and crystals follow. 


TABLE 522.—RADIATION WAVELENGTH UNITS 


Radio Radiation Colorimetry Spectroscopy X-rays ‚У rays 
meter micron millimicron angstrom X-ray units microangstrom 


Powers-of-10 equivalent of units listed in column 1 


Units cgs 
unit 
Name Symbol и ти A XU BA cm mm m 
Micron се a ш 1 10° 10: 107 10% 107 107 107 
Millimicron ......... ти 105° 1 10 10“ 10: 107 107 10° 
Pie Sthom с о; A 107 107 1 10? 10? 107* 107 1079 
K rava Une E s Хи 107 107 1073 1 10° 10:5 10° 1073 
Microangstrom ...... кА 10-7 107 1025 107° 1 10: 1055 107° 


The X-ray unit as originally used referred to the measurement of x-wavelengths using a 
calcite crystal. Such results are in error by a factor of 1.00203. 


OPTICAL GLASS 
TABLE 523.—CHARACTERISTICS OF AMERICAN-MADE OPTICAL GLASSES% 


Crown glasses—crown (CO), light barium crown (LBC), dense barium crown (DBC), 
extra dense barium crown (EDBC) 


Nanie а C—BL | LBC—BL DBC—CG DBC—CG DBC —CG EDBC —BL 

Туре ЖЕ E ec E 518/596 573/568 612/595 620/603 638/555 617/539 
"p NM o essen 1.51780 1.57250 1.61160 1.62030 1.63840 1.61700 
NG s А 1.52886 1.58538 1.6246 1.6332 1.6532 1.63171 
П ое 1.52393 1.579602 1.61880 1.62750 1.64650 1.62511 
е Т 1.51524 1.56954 1.60852 1.61722 1.63500 1.61367 
VR cV remm 59.6 56.8 59.5 60.3 SIS 53.9 


Flint glasses—crown flint (CF), light flint (LF), short flint (SF), extra light flint (ELF), 
light barium flint (LBF), barium flint (BF), dense barium flint (DBF), 
dense flint (DF), extra dense flint (EDF) 


анте но CF —BL LBF —BL BF —BL DBF —BL DBF —CG ELF —BL 
Журе ОКЕ eeu aba n UN 526/546 548/537 570/481 617/385 670/472 541/475 
ПР sss. 1.52560 1.54770 1.57040 1.61700 1.66990 1.54140 
„ЖШ o se 1.53793 1.56081 1.58575 1.63811 1.6882 1.55618 
HOMME лум... 1.53239 1.55491 1.57880 1.62843 1.67990 1.54949 
NR S I. 1.52277 1.54471 1.56695 1.61242 1.66572 1.53809 
DM с... 54.6 53.7 48.1 38.5 47.2 47.5 
Nani Ол ооз сые: ELF —BL 5Ғ--СС LF —BL DF —BL EDF —BL 
Турек < 559/455 613/442 575/429 596/397 251/277 
n NEN en crc. 1.55850 1.61300 1.57510 1.59560 1.75060 
He ..... КК. 1.57447 1.6308 1.59263 1.61538 1.78716 
жй NE m .. 1.56722 1.62280 1.58464 1.60632 1.77009 
ЖЕН... 1.55495 1.60893 1.57122 1.59130 174302 
"Ee c 45.5 44.2 42.9 397 27.7 


160 Adapted from data from Bausch & Lomb (BL) and Corning Glass Works (CG). F. A. Molby, 
West Virginia University, assisted in selecting and arranging these data. For reference see Molby, 
Journ. Opt. Soc. Amer., vol. 59, p. 600, 1949. 


SMITHSONIAN PHYSICAL TABLES 


510 


(р2пиіјио2) 


'spiepuejg Jo neang јеиоцем “поду ‘М 71 49 рэҷе:чіп; epeq y 


52 +++. Аа сс 
6t 6z 6t oe De М 
e: СА ее 
г 7: екы LE 
9€ с? cz CTI t'6 27 Bese ee ans те 
(5 e ST 
0201 veu S 
с? 02 ОЗ 
96 9:6 zv c e Ur zr «erret (QUZ 
8'1 Z г 2 7" ~ 7 21 zI ZI етеме сае 
z C с ғ t с C с t C: A У a e RE 
9m v 04 04 t OI сс сс 075 29 Ост НТ OOF 
СЕТ C 6 VI 8c OTI OTI АА! Su BUM о 
St TI vr [ОТ 49 6% 29 8% a S'I 05 ОЕТ scl и n ие og 
C C vv 8%? Sch 580 0706 4782 661 О 
0:01 tI 2 2 .......... Uu sq 
„59 845 ЕС СВЕ <0% РАР c Sb 885 £89 AV 6T 769 6799 BUS roO 
34291э2{ 3429492 1922494 1999194 399249 зцәзә{ Əd 34221э2{ 342949 39259494 3429194 394994124 349242 { 3999194 °`°° (424) иоциводшо:?) 
ДЕ 565 6%5 0765 07/5 TLS LLS 66S £ 8S 485 909 2 LY9 Vie ye ee 
00981 929191 868191 108091 208091 090/51 166951 ЕР8ЕСІ #19251 LEOZST 6Р0ІСІ 6ЖЕСІ 6ӘРІСІ 628081 TM 
8006СІ 709291 <25291 78191 </8191 650801 #9645! 24961 (66СІ 80601 906101 81951 682261 SEOISI 0. “и 
ССТ 750591 6901591 5290917 89091 (09801 65801 650561 SEOPSI ЖЕРЕСІ 589001 <РОРСІ 96/061 9804170 775... ы 
0062С1 SEGIST 7291 401191 811191 65651 8 СІ ІПРСІ 288001 006001 OIEISTI 865851 82151 040151 777 ee 
sse|3 [e2idA 
QS 009 0755 885 C LS #15 ys 665 0785 985 5 09 5 79 аро SP or MET. 
9825 1 «97 4191 ПОТ 601917 %/517 54451 ІРСІ 825 1 ЕСІ ССИ 95017 ДІСІ NES А чу 
[еш шоу 
915/625 009/029 055/419 885/119 25/6019 445/45 #45/5245 665/195 085/825 985/825 509/015 579/955 559/115 59/15 .......... Е 


d DOR DU 298 ОН ЭЕ 228 298 Әй 21 o 258 Э$Я 25Я 
DENM --— PT c: a  _ _ ._ = мчш 





„зануамул5 4O nv3unia 1VNOILVN 3H.L LV 3aVW S3ssv319 1VOlLdO 3WOS 40 SOILSIH3ILOVHVHO-7v6S 3 l8 VL 


SMITHSONIAN PHYSICAL TABLES 


511 





Qu со 


8 
I 


ч мі, 


tI 
881 
8 6r 


у122124 


c 9v 


610861 РРОУЎ/1 бРЄ1/1 
С826С1 085241 808521 


c99 
OVE 


упаоло4 


ace 


020091 901671 6bESZT 158 


98£8S9' 1 0Іғ5/17 Z£0cZI 


(79% 
?8С1 


ЛС 
ТА! 


755/885 09#/#85 //©/}$5/ 


Si 
Гв 
v Э 
c8 L9 
g 
88 
tv 652 
t té 01 
фор 85% 
зиәолӘД | зиәо1əд 
rtr vts 
020091 15851 
ОТРТОТ #19651 
022917 6ғС0971 
Ocr09 T <688С1 
Сер pes 
#091 88571 
S£v/vt09 
18 ЯЯ 


18 


1 


E С 
ct 9% 
Ж Г86 
ГРЕ 0/5 
1492194 1492194 
c 6c ИШЕ 
65289 1 
2704 1 
[5] 
78889 1 
S 6c 6 0€ 
0241 6891 
$62/05{ 605/689 
A 4 


р 55 
886 


1122124 


Les 
61999'I 
01/89`1 
£0004 T 
01249 1 


Cle 
5650 


cc£/c£9 
d 


Р РС PIS 
€ 6t civ 


1и22124 


3422212 


ace LEE 


1209971 
69089 1 
S££69'I 
0099971 


OStv9 T 
5829971 
А А! 
2067971 


ЕСЕ See 
99971 6r9 I 


vc£/999 


4 


8££/6v9 
1 


(рәрп|оиоо) 


С С 

oe Г9 

ос 9% 

cSt СЕР 

95% 05% 
ҙиәоләі зиәо1əд4 

29 5796 


OSSEO T Zigler 
8925017. 27062971 
СРО ТО 
сғ0291. 669191 


сав 99 
0491 4191 


695/069 996/2719 
ot > 


са сом» 
сі о 


6 OF 
97% 


jua213q 


GLE 
0200971 
0291971 
06529 1 
обр09 1 


ГВЕ 
SUD T 


Фо "со и, 
СА 


SE 
Ves 


jua21aq 


6 0t 
9595 | 
1568671 
00865 1 
cb6Z$ I 


ОТ 
5645 1 


9 
a 


Ə AQT 


T 
ENE 
[eae 


*„ ә Ф ө ә • • ee et ee 


1122124 ' 


РСР 
964951 
9р185 1 
06685 "1 
78145 1 


Scr 
02/51 


18/5609 01#/$64/5 Szb/7Zs 


Я 


em 


4 


. 


. 


. 


тоьо 


.4.... 


.... 


. 


. 


. 


. 


. 


Фоо о 


“042 
ОҢУ 
OS 
ep 


ОЭ 


OTT 
7 025 


0994 
OUZ 


“О45 
Ову 


• 


L ON 


оем 
"ОЯ 


otg 
oqd 


*O!S 


uornisoduio?) 


. 


. 


* 


. ou 
qu 
ju 
ay 


55213 ЈЕМЧАЈ, 


оов о оф е 4 


ооло о о 


au 


[BUIWIO NY 


* э ө е ө ө о эшем 


ѕачуаму15 -О NVAYNE IWNOILVN SHL LV SGVW SASSV19D 1V9Il.LdO 3AOS 3O SOILSIH3.LOVHVHO--7v2S 3 18V.L 


SMITHSONIAN PHYSICAL TABLES 


512 
TABLE 525.—INDEX OF REFRACTION OF EASTMAN KODAK CO. NONSILICA 
GLASSES (1949) 





Part 1 
Журе Ее ее ЕК--110 ЕК—325 ЕК—330 ЕК—450 
(ЕК—110 (ЕК— 32 (ЕК—33 (ЕК—45 
— 5328) ЕК— 210 ЕК—310 — 2641) — 27345) --29) 
Index 
ППИ ИА 1.71786 1.75861 1.77301 1.77288 1.78280 1.83767 
У... 171227 175201 1.76538 1.76518 1.77582 1.82832 
ЕТТЕ... 1.70554 1.74413 1.75638 1.75607 1.76643 1.81738 
о РРА 1.69680 1.73400 1.74500 1.74450 1.75510 1.80370 
(1.6973) (1.7442) (1.7555) (1.8016) 
ШЕ хс с уе Л» 1.69313 1.72979 1.74033 ‘1.73973 1.75043 1.79814 
ИРА E Ei 1.68877 1.72484 1.73491 1.73417 1.74499 1.79180 


Type numbers and np values in parentheses are 1947 descriptions of EK glasses for 
which expansion data appear in Table 550. 


Part 2.—Dispersion of glasses 





Index 
ОЕ eL. 1.69680 1.73400 1.74500 1.74450 1.75510 1.80370 
(1.6973) (1.7442) (1.7555) (1.8016) 
e 56.15 51.18 46.42 45.56 47.19 41.8 
Ив — Ис ..... (56.0) (45.8) (47.2) (40.9) 
йк— с ......... ‚01241 ‚01434 „01605 ‚01634 ‚01600 01924 
(.01246) (.01624) (.01602) (.01959) 
ИР — ND ........ .00874 ‚01013 ‚01138 01157 01133 01368 
(.00877) (91153) (01139) (.01394) 
Мо ће ......... 00673 .00788 00900 00911 00889 ‚01094 
(.00677) (.00913) (00890) (01118) 
ID ee ree .00559 00660 ‚00763 ‚00770 00748 00935 
(.00562) (.00776) (.00750) (00959) 
nD — WA’ Sen elena. 00803 00916 01009 01033 01011 01190 
(.00806) (01018) (01014) (.0——) 
TABLE 526.——TRANSMISSION OF OPTICAL GLASS 
Thickness 10 mm, reflection deducted * 
BSC. BSC С LBC DBC РВС СЕ ВЕ DF EDF 
—1 -2 — 1 —2 —1 --3 —1 —1 --2 --3 
Cut-off in mp.... 300 296 301 306 328 320 310 316 326 350 
T at 360 mp.... 900 760 940 475 220 825 970 940 72.5 6.5 
380 ти.... 98.0 950 972 925 968 985 990 980 845 47.0 
400 тш.... 995 995 993 995 995 994 995 995 905 700 
460 ты.... 995 995 993 995 995 994 995 995 970 96.2 
500 та... 995 995 993 995 995 994 995 995 980 99.3 
0 та... 995 985 993 992 994 994 995 99.5 995 99.5 
1000 та... 995 945 993 972 966 994 995 995 995 995 
2000 та... 888 85.0 950 905 650 805 700 885 995 99.5 
3000 mpg.... 5 0 17.5 6 0 0 9 9 6.0 3.0 


Cut-off in mp.... 3200 3000 4000 3200 2900 2850 3350 3250 3500 4100 








* Abbreviated from a list of results of measurements on freshly polished samples of Bausch & Lomb glasses. 
Data supplied by the Bausch & Lomb Optical Co. ур р sc g 
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TABLE 527.—CHANGES WITH TEMPERATURE IN ABSOLUTE INDEX OF 
REFRACTION (n) AT 20*C FOR A NUMBER OF GLASSES *t 


Boro- Light Dense 

silicate barium barium Crown Barium Dense 
crown Crown crown crown flint flint flint 

"D BSC—1 C—1 LBC—2 DBC—3 CF—1 BF—1 DF—2 

An/*C 

4360А...... E. E. E. E. Ко ТЖ .586 
4801А...... 101 „199 ‚085 .305 ‚261 ‚246 ‚492 
5087А...... 087 „171 072 270 244 ‚218 ‚450 
5462А...... ES .159 Ж б/е ae ae 405 
5894А...... .059 .150 .036 .256 .205 .162 .370 
6440A...... .050 ЕЗІ 025 2237 .184 .140 .334 


* For references, see footnote 160, p. 509. 
t In units of the fifth decimal place. 


TABLE 528.—INDEX OF REFRACTION OF GLASSES MADE BY SCHOTT AND 
GENOESSEN, JENA 


The following constants are for glasses made by Schott and Genoessen, Jena: Нд, Ис, Пь, НЕ, Ид, 
are the indices of refraction in air for А = 0.7682u, С = 0.6563u, D = 0.5893, F — 0.4861, G' — 
0.4341, » = (пр — 1)/ (пе — =пс). 


Catalogue type — 
Designation — 


Melting number — 


у = 
Са .2763ш 
E 39] 2237 
bo Са .2980 
S Cd .3403 
y Са .3610 
e 
z| H .4340и 
T Н .4861 
d Na .5893 
г |С НЕ 5263 
м K 27682 
© .800ш 
= 1.200 
= 1.600 
6 2.000 
2.400 


О 546 О 381 
Zinc- Higher dis- 
crown persion crown sil 
1092 51 
60.7 51.8 
1.56759 — 
1.56372 — 
1055723 1.57093 
1.54369 1.55262 
1.53897 1.54664 
1.52788 99212 
1.52299 1.52715 
1.51698 1.52002 
1.51446 1.51712 
1.51143 1.51368 
1.5103 1.5131 
1.5048 1.5069 
1.5008 1.5024 
1.4967 1.4973 


Percentage composition of the above glasses: 
O 546, SiO;, 65.4; К.О, 150: Na.O, 5.0% Вао, 0.6; ZnO, 2.05 Mn;O;, 0.1 5 As2Qs3, 0.4; B;O;, 2 
О 381, $1O,, 687; PbO, 13.3; Na;O, 157; ZnO, 2.0; MnO,, 0.1: AsO;, 02. 
О 184, 51О:, 53.7; РЬО, 36.0; К,О, 8.3; Na:O, 1.0; Mr;O;, 0.06; As;O;, 0.3. 
О 102, S1O;, 40.0; PbO, 52.6; К.О, 6.5; Na:O, 0.5; Mn:O;, 0.09; As;O;, 0.3. 


O 184 O 102 
Light Heavy 
icate flint silicate flint 
451 469 
41.1 33.7 
1.65397 — 
1.63320 1.71968 
1.61388 1.70536 
1.59355 1.67561 
1.58515 1.66367 
1.57524 1.64985 
1.57119 1.64440 
1.56669 1.63820 
1.5659 1.6373 
1.5585 1.6277 
[5535 1.6217 
1.5487 1.6171 
1.5440 1.6131 


О 165 
Неауу 
silicate flint 
500 
27.6 


1.85487 
183263 


1.78800 
1.77091 
1.75130 
1.74368 
1.73530 


1.7338 
17215 
te 
1.7104 


S 57 
Heaviest 
silicate flint 
163 
22.2 


1.94493 
1.91890 
1.88995 
1.87893 
1.86702 


1.8650 
1.8481 
1.8396 
1.8316 
1.8286 


O 165, SiO;, 29.26; PbO, 67.5; K5O, 3.0; MmO,, 0.04; As;O;, 02. 
S 57, SiO; 21.9; PbO, 78.0; As;O;, 0.1. 


TABLE 529.—CHANGE OF INDICES OF REFRACTION FOR 1°C IN UNITS OF THE 
FIFTH DECIMAL PLACE 


о 


Меап 





— Ди 
No. and designation temp (С D F G' n A 
S 57 Heavy silicate flint...... 58,6 1.204 1.447 2.090 2.810 0166 
O 154 Light silicate flint....... 58.4 225 ‚261 .334 .407 .0078 
O 327 Baryt flint lieht .....-. 58.3 —.008 .014 .080 127 0079 
О 225 Light phosphate crown... 58.1 —.202 —.190 —.168 —.142 .0049 
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514 TABLE 530.—TRANSMISSION OF RADIATION BY JENA GLASSES 
Part 1 


Coefficients, a, in the formula I: = Joa‘, where Jo is the intensity before, and J, after, trans- 
mission through the thickness 2. 


Coefficient of transmission, a 


Unit t= 1 dm .275и  390u .400u .434u .436u .455u .477u .503и .580и .677н 
O 340, Ordinary light flint....... 388 .456 .614 .569 .680 .834 .880 .880 .878 .939 
О 102, Heavy silicate flint........ — 025 .463 .502 .566 .663 .700 .782 .828 .794 
О 93,Огйпагу “ DENN... — — — — .714 .807 .899 .871 .903 .943 
О 203, й | стомиа..... „583 .583 .695 .667 .806 .822 .860 .872 .872 903 
ОВ (Ого... ees — — -- — 497 770 771 776 .818 .860 

Unit t — 1 ст 0.75, 0.952 116 1.40 1.7& 2.04 2.3à 2.54 2.7u 2.9u 3.1д 
S 204, Borate crown ............ 100 99 94 .90 85 81 6 43 29 18 — 
S 179, Medium phosphate crown. — .98 .95 90 84 67 49 87 18 - - 
O 1143, Dense borosilicate crown.. 98 — 97 -- 95 93 50 84 71 47 27 
СОЕ ГОТИТЕ: aae ee e 99 96 95 90 99 91 82 71 60 .48 .29 
ОЕ а е 98 — 299 99 98 94 90 79 75 45 32 
(ОНА ие Ип 2222... o 100 — .99 — .8 95 92 84 78 54 .34 
а ее 1.00 — 98 - 99 908 98 907 .0 66 .50 
О 500, “ о A N 1.00 — 100 — 100 — 100 .99 92 74 ,53 
бз“ Lae E 1.00 — 98 — 599 — 99 -- 94 78 460 

Part 2 


R is reflection factor yellow light for two surfaces. Values of transmission are for 1 mm 
thickness. Ordinary figures refer to wavelengths in д, .281 to .775, black-faced infrared. 


Glass Density .281 2902 .334 .366 .436 .480 .546 SA8 .644 .700 .775 
durability R .850 .950 1.15 1.30 1.60 2.00 2.20 2.40 2.60 2.80 3.00 
UGI ad .00 17 .69 .85 .00 .00 .00 00 .00 .01 34 
2% 911 22 11 05 04 03 04 ‚06 11 AS 19 17 
Bon ] 2.50 .04 .40 93 97 .86 44 04 105 01 ‚51 94 
3 915 ‚97 -93 ‚16 58 ‚40 ‚50 ‚59 ‚69 44 45 55 

B G 4 2.41 .00 .00 .04 44 .87 53 .01 .01 .00 .07 35 
5 .921 12 11 13 12 14 21 ‚45 -59 63 45 40 
ВС10 260 .00 .00 14 64 93 95 .94 ‚88 245 62.2 
72 .916 .31 .25 -26 31 41 .55 .56 .58 .55 .47 46 
VGl 2.93 0 .00 .00 00  .02 47 .77 .56 212 06 .04 
2 ‚905 ‚05 .09 ‚18 27 47 65 .71 .76 41 .69 55 
СЕС 2 2.58 .00 .00 .00 .64 99 100 100 100 100 100 1.00 
В 916 1.00 1.00 1.00 1.00 100 .99 ‚99 ‚98 ‚94 84 .70 

G G4 2:773 .00 .00 .03 .01 .67 .92 97 96 94 96 9 
2 ‚913 ‚99 99 ‚99 39 99 99 .99 .98 .94 ‚85 .64 

G E 11 2.54 .00 00 0 00 01 24 ‚99 ‚99 -99 .99 .98 


RG2 274 0 0 0 00g 00 о о 00 92 98 98 


2 .913 .98 .98 .98 .98 .98 .98 :97 .95 92 81 ‚бэ 
RGS 2.74 00 00 00 00.00 .00 .00 .00 02 .96 98 
2 .913 .98 .98 ‚99 99 ‚99 ‚99 .98 97 ‚92 .79 58 
Мао 2.42 ‚00 .00 .00 .29 „59 .63 .66 .68 .70 ШИ „065 
1 ‚919 61 59 61 65 43 ‚78 ‚18 .76 .69 58 40 





U G 1 dark purple (uv., extreme red). B G 1 blue (uv.. extreme red). B G 4 blue (ir.). B G 10, light blue 
green, ir. absorption. V G 1 yellow-green. G G 2 colorless, uv. absorption. G G 4 almost colorless, strong uv. 
absorption. G G 11 dark yellow for contract filters. R G 2 pure red. R G 5 dark red. N G 5 light neutral. 


OPTICAL CRYSTALS 


Not so many years ago physicists had to depend upon natural crystals for their various 
optical instruments. Now, owing to a great deal of work in this field, it has been found 
possible to grow artificial crystals of various materials for this purpose. Data on some of 
these artificial crystals are given in the following tables and the spectral transmission of 
some of them is shown in figure 26. 
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Part 2 


Index of refraction 





TABLE 531.—SOME ARTIFICIAL OPTICAL CRYSTALS (concluded) 


Material À 1st sample 2d sample Reference 
КЕЕ a cee eee 486 u 1.57181 1.57194 c, b,e 
589 1.55986 1.55997 
656 1.55503 1.55524 
to infrared (1-10) 1.54 to 1.53 
КОО ОО ООО eee e nr пр "p d, h 
1.68755 1.6670 1.6588 
to infrared (1-204) 1.64, 1.62 
rP 
а м... .4861 1.394810 + 2 x 10% b,g 
.5893 1.392057 
.6563 1.390862 
Thallium bromide-iodide (KRS-5)**.... Маз, 2.629; 14, 2.45; 4а, 2.4; е 
10u, 2.39; 35u, 2.30 
TABLE 532.—np DISPERSION AND DENSITY OF JENA GLASSES 
nnl . 
у= Specific 
No. and type of Jena glass npforD ny — ng. Пр — Hop — n, "gp ^p па "р gravity 
O 225 Light phosphate crown... 1.5159 .00737 70.0 00485 .00515 .00407 2.58 
O 802 Borosilicate crown ...... 1.4967 0765 64.9 0504 0534 0423 2.38 
UV 3109 Ultraviolet crown .... 1.5035 0781 64.4 0514 0546 0432 2.41 
O 227 Barium-silicate crown ... 1.5399 0909 59.4 0582 0639 0514 273 
O 114 Soft silicate crown...... 1.5151 0910 56.6 0577 0642 0521 2.55 
O 608 High-dispersion crown .. 1.5149 0943 54.6 0595 0666 0543 2.60 
UV 3248 Ultraviolet flint ...... 1.5332 0964 55.4 0611 0680 0553 2./5 
O 381 High-dispersion crown .. 1.5262 1026 51.3 0644 0727 0596 2.70 
O 602 Baryt light flint......... 1.5676 1072 53.0 0675 0759 0618 3.12 
S 389 Borate Йїпї ............ 1.5686 1102 51.6 0712 0775 0629 2.83 
O 726 Extra light flint......... 1.5398 1142 47.3 0711 0810 0669 2.87 
O 154 Ordinary light flint...... 1.5710 1327 43.0 0819 0943 0791 3.16 
O 184 д 5 po e = 1.5900 1438 41.1 0882 1022 0861 3.28 
O 748 Baryt А... 1.6235 1599 39.1 0965 1142 0965 3.67 
O 102 Heavy flint 22. ......... 1.6489 1919 33.8 1152 1372 1180 3.87 
О 41 “ ШЕН... 1.7174 2434 29,5 1439 1749 1521 4.49 
O165 “ E a 1.7541 2743 27.5 1607 1974 1730 4.78 
S 386 Heavy flint ............ 1.9170 4289 21.4 2451 3109 2808 6.01 
5 57 Heaviest flint .......... 1.9626 4882 19.7 2767 3547 3252 6.33 
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Wavelength 
in air at 15? Мо 
ти Quartz 

185.467 1.67578 
193.583 1.65999 
202.55 1.64557 
214.439 1.63039 
226.503 1.61818 
250.329 1.60032 
274.867 1.58752 
303.412 1.576955 
340.365 1.56747 
396.848 1.55813 
434.047 1.553963 
467.815 1.551027 
508.582 1.548229 


ne 
Quartz 
1.68997 
1.67343 
1.65842 
1.64262 
1.62992 
1.61139 
1.59813 
1.58720 
1.577385 
1.56772 
1.563405 
1.560368 
1.557475 


n 
Vitreous 


1.57436 
155999 
1.54727 
1.53386 
1.52308 
1.50745 
1.49617 
1.48594 
1.47867 
1.47061 
1.46690 
1.46435 
1.46191 


Wavelength 
in air at 15? 
ти 

533.85 

579.066 
589.29 
643.847 
667.815 
706.520 
794.763 
1000.00 
1200.00 
1400.00 
1600.00 
2058.20 
2500.00 
3000.00 





по 

Quartz 
1.546799 
1.544667 
1.544246 
1.542288 
1.541553 
1.540488 
1.538478 
1.53503 
1.53232 
1.52972 
1.52703 





TABLE 533.—INDEX OF REFRACTION OF QUARTZ (Si0O,), 15°C 1 


те n 
Quartz Vitreous 


1.555996 1.46067 
1.553791] Cui 
1.553355 1.45845 
1.551332 1.45674 
1.550573 "T 
1.549472 1.45517 
1.547392 1.45340 
1.54381 n 
1.54098 

1.53826 

1.53545 

1.52814 

1.5195 

1.5070 


1618 Sosman, Robt. B., The properties of silica, p. 591, Chemical Catalog Co., NewYork, 1927. 


TABLE 534.—INDEX OF REFRACTION OF ROCK SALT IN AIR 





A Cu) 
.88396 
.972298 
.98220 
1.036758 
1.1786 


1555137 
1.7680 
2.073516 
2.35728 


2.9466 
35355 
4.1252 


5.0092 


п 
1.534011 
1.532532 
1.532435 
1.531762 
1.530372 
1.530374 
1.528211 
1.527440 
1.527441 
1.526554 
1.525863 
1.525849 
1.524534 
1.523173 
1.521648 
1.521625 
1.518978 


Talbot's bands (18?C) !* 


A Cu) n 
‚185409 1.89348 
‚204470 1.76964 
‚291368 1.61325 
.358702 1.57932 
.441587 1.55962 
.486149 1.55338 
Н 1.553406 
С 1.553399 
„58902 1.544340 
„58932 1.544313 
‚656304 1.540672 
~ 1.540702 
.706548 1.538633 
‚766529 1.536712 
‚76824 1.53666 
‚78576 1.536138 
‚883906 1.534011 
A(z) n 
I oet 1.413 
M. sd 1.403 
ID4 ...... 1.394 
200 ...... 1.381 
ZU а.а, 1.368 
М М 
n? Е 22 1 2 
ds Е 
where a’ = 2.330165 
М! = .01278685 
Л! .0148500 
М. = .005343924 


Xo" 


Фоо о 


.... 


4... 


ук 0" ог + 


02547414 
.0009285837 
.000000286086 


M; 
ХМ — А 


A (u) 
5.8932 


6.4825 


+ 


• . .. ө @ 


• . ө ө eo 


МАЗ ММ, | 
х= T да уз 


п 
1.516014 
1.515553 
1.513628 
1.513467 
1.511062 
1.508318 
1.506804 
1.502035 
1.494722 
1.481816 
1.471720 


М» 


b? — 5.680137 
М: = 12059.95 
As” = 3600. 


162 Baird Associates, Infrared optical materials, Engineer Research and Development Laboratories, 
Fort Belvoir, Va. 


SMITHSONIAN PHYSICAL TABLES 


TABLE 535.—INDEX OF REFRACTION OF SYLVITE 
(POTASSIUM CHLORIDE) IN AIR 





ACu) n ACu) п 
.185409 1.82710 1.1786 1.478311 
.200090 1.71870 A 1.47824 
.21946 1.64745 1.7680 1.475890 
257317 1.58125 “ 1.47589 
.281640 1.55836 2.35728 1.474751 
.308227 1.54136 2,9466 1.473834 
.358702 1.52115 4 1.47394 
.394415 1.51219 3.5359 1.473049 
.467832 1.50044 = 1.47304 
„508606 1.49620 4.7146 1.471122 
.58933 1.49044 ia 1.47129 
67082 1.48669 5.3039 1.470013 
‚78576 1.483282 s 1.47001 
.88398 1.481422 5.8932 1.468804 
.98220 1.480084 1 1.46880 

А+ 18°С 1 

A(z) n A(z) n 
1827... 1.409 D. eS 1.374 
о 1.401 29 Ш... 1.363 
ШОЛ з: 1.398 24. 1. .... 1.352 
20.4 ...... 1.389 АВЕ... 1.336 
О еке 1.379 29 ран 1.317 

ос. 2 М, Mi XS 4 т. тд 
т == а ИШЕ: Т; k hator =b E 
a? — 2.174967 Хе == 0255550 
М, = .008344206 k= .000513495 
Az .0119082 А == .000000167587 
М. = .00698382 








М; 





519 


— 


A(z) n 
8.2505 1.462726 
в 1.46276 
8.8398 1.460858 
* 1.46092 
10.0184 1.45672 
М 1.45673 
11.786 1.44919 
т 1.44941 
12.965 1.44346 
i 1.44385 
14.144 1.43722 
15.912 1.42617 
17.680 1.41403 
20.60 1.3882 
22:9 1.369 
А (м) п 
26.7 TENE. 1.300 
ЛО. 102 79 
2 wm 1.254 
US NM. 1-226 
Mi Mi 
) "iz X? дее Ase | м? mm: A? 
b? — 3.866619 
М: = 5569.715 
№ == 3292.47 





TABLE 536.—INDEX OF REFRACTION OF POTASSIUM BROMIDE * (22*C) 


Wavelength 


Index 
1.589752 
1.581479 


Wavelength 


соо в 


ee es 


eeee 


ооо о 


ооо е 


фо о о 


t.o. 


ео в о 


• .. oè 


Тпдех 


.. 1.53901 
53756 


Wavelength Index 
14,295 eee 1.51505 
14.98... 1.51280 
17 АЕ КА 1.50390 
15896. 1.50076 
ПВ 1.49705 
1991... 259 1.49288 
2]-18  — eee 1.48655 
21.63 m 1.48311 
25.860 0 7” 1.47140 
25.14 е 1.46324 





* Prepared by Stephens, Plyler, Rodney, and Spindler, National Bureau of Standards, March 1952. 


TABLE 537.—INDEX OF REFRACTION OF NITROSO-DIMETHYL-ANILINE (WOOD) 


À я 
497 2.140 
.500 2.114 
.506 2.074 
508 2.025 
516 1.985 


Nitroso-dimethyl-aniline has enormous dispersion in yellow and green, metallic 


in violet. 


я 


1.945 
1.909 
1.879 
1.857 
1.834 


А 


.584 
.602 
.611 
.620 
.627 


я 


1.815 
1.796 
1.783 
1.778 
1.769 


А 


.636 
.647 
.659 
.669 
.696 


n 


1.647 


А n 

1.718 
1.713 
1.709 
1.697 


absorption 


520 


TABLE 538.—REFRACTIVE INDEX OF SILVER CHLORIDE (AgCi) AT 23.9°C * 


Tenths of microns 





Wave- 
length 
д 


0 


2 


3 


4 


1.. 2.02239 2.01865 2.01582 2.01363 2.01189 
2.. 2.00615 2.00559 2.00510 2.00465 2.00424 


3.. 2.00230 2.00203 2.00177 2.06151 


Wave- 
length 


n 
2.02239 
2.01047 
2.00615 
2.00386 
2.00230 
2.00102 
1.99983 
1.99866 
1.99745 
1.99618 


Wave- 
length 


n 
1.99483 
1.99339 
1.99185 
1.99021 
1.98847 
1.98661 
1.98464 
1.98255 
1.98034 
1.97801 


2.00126 


5 


2.09648 
2.01047 
2.00386 
2.00102 


Wave- 
length 
| 

11 
11.5 
12 
12.5 
13 
13.5 
14 
14.5 
15 
15.5 


6 


2.06385 
2.00931 
2.00351 
2.00078 


и 


. 1.97556 


1.97297 
1.97026 
1.96742 
1.96444 
1.96133 
1.95807 
1.95467 
1.95113 
1.94743 


7 


2.04590 
2.00833 
2.00318 
2.00054 


8 


2.03485 
2.00750 
2.00287 


9 


2.02752 
2.00678 
2.00258 
2.00007 


2.00030 


Wave- 
length 


20.5 


n 
1.94358 
1.93958 
1.93542 
1.93109 
1.92660 
1.92194 
1.91710 
1.91208 
1.90688 
1.90149 


* Prepared by Leroy W. Tilton, Earle K. Plyler, and Robert E. Stephens, National Bureau of Standards. 


TABLE 539.—INDEX OF REFRACTION OF FLUORITE (CaF,;) IN AIR 

















Part 1 

ACA) n Х(д) n Х (м) n Alu) n 

.1856 1.50940 .76040 1.43101 2.2100 1.42288 5.0092 1.39898 

.19881 1.49629 .8840 1.42982 2.3573 1.42199 5.3036 1.39529 

.21441 1.48462 1.1786 1.42787 2.5537 1.42088 5.5985 1.39142 

.22645 1.47762 12756 1.42690 2.6519 1.42016 5.8932 1.38719 

25713 1.46476 1.4733 1.42641 2.7502 1.41971 6.4825 1.37819 

32525 1.44987 15715 1.42596 2.9466 1.41826 7.0718 1.36805 

34555 1.44697 1.6206 1.42582 3.1430 1.41707 7.6612 1.35680 

39681 1.44214 1.7680 1.42507 3.2413 1.41612 8.2505 1.34444 

48607 1.43713 1.9153 1.42437 3.5359 1.41379 8,8398 1.33079 

.58930 1.43393 1.9644 1.42413 3.8306 1.41120 0,4291 1.31612 

.65618 1.43257 2.0626 1.42359 4.1252 1.40855 512 3.47 

68671 1.43200 2.1608 1.42308 4.4199 1.40559 61.1 2.66 

71836 1.43157 4.7146 1.40238 oo 2.63 

Part 2 !9 

Atu) n A (u) n A (u) n A Cu) n 
.404658 1.4415099 .508585 1.4361735 .770688 1.4308799 1.734047 1.4252000 
.407785 1.4412890 .546077 1.4359584 .819115 1.4303704 1.767893 1.4250359 
.435836 1.4394944 .579016 1.4341020 961049 1.4291954 2.034339 1.4237262 
447150 1.4388656 .589298 1.4338304 1.092154 1.4283523 2.184308 1.4229318 
472219 1.4376377 .636238 1.4328439 1.156031 1.4279924 2.312063 14222220 
.480525 1.4372742 .643850 1.4327050 1.178596 1.4278658 2.357191 1.4219705 
.486138 1.4370381 656286 1.4324825 1.441574 1.4265842 2.544951 1.4208398 
.501570 1.4364325 .706523 1.4316947 1.638231 1.4256500 2.575402 1.4206797 

97 690 Mi; 2 4 — pg М, M; 
n EUER ем — РА Мањи син e A 
where a* — 2.03882 f= .000002916 M; — 5114.65 
М, = .0062183 b? — 6.09651 Хе == 1200. 56 
Л: = .007706 М. = .0061386 v = .0940д 
е == .0031999 hv? = .00884 м = 65 





Change of index of refraction of fluorite for 1°C in units of the Sth decimal place 
C line, —1.220; D, —1.206; F, —1.170; G, —1.142. 
163 Schonrock, Zeitschr. Instrumentenkunde, vol. 40, p. 94, 1920; vol. 41, p. 104, 1921. 
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TABLE 540.—REFRACTIVE INDICES OF LITHIUM FLUORIDE 


Tenths of microns 


3 


1.38477 
1.37560 
1.36201 
1.34319 
1.31856 


Wave- 
length 0 1 2 
Ш 

1.. 1.38711 1.38631 1.38554 
2.. 1.37875 1.37774 1.37669 
3.. 1.36660 1.36512 1.36359 
4.. 1.34942 1.34740 1.34533 
5.. 1.32661 1.32399 1.32131 
6.. 1.29745 


1.38400 
1.37446 
1.36037 
1.34100 
1.31575 


5 


1.39430 
1.38320 
1297327 
1.35868 
1.33875 
1.31287 


6 


1.39181 
1.38238 
1.37203 
1.35693 
1.33645 
1.30993 


7 


1.39017 
1.38153 
1.37075 
1.35514 
1.33408 
1.30692 


* Prepared by Leroy W. Tilton and Earle K. Plyler, National Bureau of Standards. 


8 


1.38896 
1.38064 
1.36942 
1.25220 
1.33165 
1.30384 


521 


АТ 23.6°С * 


9 


1.38797 
1.37971 
1.36804 
1.35138 
1.32916 
1.30068 


TABLE 541.—INDEX OF REFRACTION OF ICELAND SPAR (CaCO,) IN AIR 


А (а) по те Х (и) no п“ Х (а) по ne 
.198 — 1.5780 .508 1.6653 1.4896 1.6438 1.4802 
.200 1.9028 1.5765 .533 1.6628 1.4884 1.229 1.6393 1.4787 
.208 1.8673 1.5664 .589 1.6584 1.4864 1.307 1.6379 1.4783 
.226 1.8130 1.5492 643 1.6550 1.4849 1.497 1.6346 1.4774 
298 1.7230 1.5151 .656 1.6544 1.4846 1.682 1.6313 — 
.340 1.7008 1.5056 .670 1.6537 1.4843 1.749 - 1.4764 
361 1.6932 1.5022 .760 1.6500 1.4826 1.849 1.6280 — 
.410 1.6802 1.4964 768 1.6497 1.4826 1.908 — 1.4757 
(4344 1.6755 1.4943 801 1.6487 1.4822 2.172 1.6210 -- 
.486 1.6678 1.4907 905 1.6458 1.4810 2.324 — 1.4739 
TABLE 542.—INDEX OF REFRACTION FOR VARIOUS ALUMS 
T © 
5 E Index of refraction for the Fraunhofer lines 
R А = а В с р Е Б Е a. 
Aluminum alums RA1(SO,); 4- 12H,0 * 
Na 1.667 17-28 1.43492 1.43563 1.43653 1.43884 1.44185 1.44231 1.44412 1.44804 
NH;(CH;) 1.568 7-17 45013 .45062 .45177 .45410 4.45691 .45749 .45941 .46363 
K 1.735 14-15 .45226 .45303 .45398 .45645 .45934 .45996 .46181 .46609 
Кь 1.852 7-21 45232 .45328  .45417  .45660 .45955  .45999  .46192  .46618 
Cs 1.961 15-25 45437 .45517 .45618 ..45856 46141  .46203  .46386  .46821 
NH, 1.631 15-20 45500 .45509 .45693 .45939 .46234 .46288 .46481 .46923 
Ti 2.329 10-23 .49226 .49317 .49443 .49748 .50128 .50209 .50463 .51076 
Chrome alums КСг(50,); + 1250 * 
Cs 2.043 6-12 1.47627 1.47732 1.47836 1.48100 1.48434 1.48491 1.48723 1.49280 
K 1817 6-17 47642 47738 .47865 .48137 .48459 .48513 .48753 .49309 
КЬ 1.946 12-17 .47660 .47756 .47868 .48151 .48486 .48522  .48775  .49323 
NH. 1.719 7-18 .47911 .48014 .48125 .48418 .48744 .48794 .49040 .49594 
Т1 2.386 9-25 51692 .51798 ,51923 .52280 .52704 .52787 .53082 .53808 
Iron alums RFe(SO,), -- 12H;0 * 
K 1.806 7-11 1.47639 1.47706 1.47837 1.48169 1.48580 1.48670 1.48939 1.49605 
Rb 1.916 7-20 47700 .47770 .47894 .48234 .48654 .48712 .49003 .49700 
Cs 2.061 20-24 .47825 .47921 .48042  .48378  .48797  .48867  .49136  .49838 
МН. 173 720 .47927 .48029 .48150 .48482 48921 .48993 (49286 .49980 
ТІ 23658 15—17 51674 .51790 .51943 .52365 .52850 .52946 .53284 .54112 


* R stands for the different bases given in the first column. 


For other alums see references on Landolt.Bórnstein-Roth Tabellen. 
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TABLE 543.—INDEX OF REFRACTION OF SELECTED MONOREFRINGENT 
OR ISOTROPIC MINERALS 


The values are for the sodium D line unless otherwise stated and are arranged in the 
order of increasing indices. Selected by Edgar T. Wherry from a private compilation of 
E. S. Larsen, of the U. S. Geological Survey. 


Index of 
refraction 
Mineral Formula `A = 0.5894 
Ана И irs Т NaF 1.328 
(потопе... 2................. 3NaF-3LiF-2AlFs 1.339 
DUDEN EUER LIN e hh KR SiO; nH;O 1.406 
ЕОС ео овоон Е СаЕ; 1.434 
ао осень K;O- Al;0;: 480;:24H;O 1.456 
Coss осень a ЗХа:О:3А1:Оз:651О::2ХаСІ 1.483 
оО ...........--........... 510, 1.486 
AWedSsQS оаа n Na;O- Al;O;: 4810; 2H;0 1.487 
С о Good ОО О ка 1.490 
Мое и т... м... м. 5Ха3О-3А1:Оз:651О::25 О: 1.495 
oleosin oaa o o Like preceding + CaO 1.496 
И E a e aa e a a a ea 43а,О -ЗА1,О:6510,: Маг5, 1.500 = 
Кееш о. К,О.А1;О„.46:О, 1.509 
Pollucite 566 6000.0 6 6 DES а оосо о ее 2С5,0 ·2А1,0:9510,:Н,О 1.525 
НЗ аа 7... NaCl 1.544 
РТ E. E... 7. Al;O;: nH;O 1.570 
Pharmacosiderite ...................... ЗЕе:Оз:2А5:О.:3К:О-5Н:О 1.676 
Spinel е И ее ео еее њо еее о MgO- Al;O; 1.7204 
БЕ... MCs ee cece nee 3(Ca, Mg, Mn)O- AsO; 1.727 
опшина вон а. CT а Мго 1.736 
ОБЕ НА СИНЕ АЕ поље 2. 3СаО: АБО: 3510: 1.736 
Не ШО т ТГ 3(Mn, Fe)O-3BeO-3SiO;- MnS 1.739 
Рур ОК .................... З3МеО-А10::351О: 1.745 
ЕО К ...................... As20s 1.754 
НЕН Т ...................... ЗСаО:(А1, Ее):Оз:351О; 1.763 
РЇ Сөй е оао авн (Mg, Fe)O- Al.O; 177055 
Almandite ао. Т о. ЗЕеО ·А1.Оз: 3510, 1.778 
МЕТ ................“.... Еео· АђОа 1.800 = 
ИТАН Ка а... 210. АЉО; 1.805 = 
Е ооа о... В 3MnO- AlO;:3S10; 1.811 
BIENES C erue Enn rts CaO 1.838 
ава е МОО ....................... 3CaO:Cr203° 3510; 1.838 
АТЕНЕ КОШ .................... ЗСао · Ее;0,: 3510; 1 857 
Ми Ше ОО ................... 6СаО:3Та:О.“ МЬОЕ; 1.925 
КМАТ ФК С О -.....,2.. CuCl 1.930 
С О. CORPER M Contains CaO, Ce;O; TiO; etc. 1.960 
ЕО ОЕ ................... ЗСаАО:(Ғе, Ті):Оз:3(5і, Ті) О: 1.980— 
ПОПНЕ |... о... ако... PbO:CuCh: H;O 2.050 
lUe o ................... (Мг, Ее)О.(А!1, Сг);О» 2.050+ 
ИЕ о... за. „око ba 2850, 3510; 2.050 
НИ луге ...................... AgCI 2.061 
ооа о он ИАР ИНЕГЕ Contains Hg, NH,, Cl, etc. 2.065 
ОП Ше у ОШ IL Leo rr RISE SI ҒеО:Ст:О; 2.070 
Senanmontite 2..................7:.... 55,0, 2.087 
E meote тока са а а c Me Ag(Br, Cl) 2.150 
Мапрдапозие_.......................... MnO 2.160 
о ао о ПАИ 0 NiO 2.18 * 
Ре ЖЕ ee... cs vs ote 5СаО ·2ТіО,: 35,0, 2.200 
Miersite МО... о.о. Cul -4AgI 2.200 
О Е Е... а aisles es a es AgBr 2.253 
уана е р... жне Contains CaO, FeO, TiO,, etc. 2.330 
Мавр Т оосо. Cul 2.346 
аа оо... (2п, Ее, Мп)О:· (Ее, Мп),О› 2.360% 
С о... 7 (Zn, Fe)S 2.370 
Р@гОм5Ке............................ CaO- TiO; 2.380 
шатолар... T. С 2.419 


(continued) 
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TABLE 543.—INDEX OF REFRACTION ОЕ SELECTED MONOREFRINGENT 
OR ISOTROPIC MINERALS (concluded) 


Index of 
refraction 
Mineral Formula А = 0.5894 
Е t EE rere HgO-2HgCl 2.490* 
ИЕ ТТТ ыы т MnS: 2.690* 
Цара ер 0:55 ves CE Cer rne MnS 2.700* 
рО... СиО 2.849 


* Li line. 


TABLE 544.—INDEX OF REFRACTION OF MISCELLANEOUS MONOREFRINGENT 


OR ISOTROPIC SOLIDS 


Spectrum Index of Spectrum Index of 
Substance line refraction Substance line refraction 
Арсе 22.2... D 1.4890 Gelatin, Nelsonno.1 .... D 1.530 
Amber 2.22. D 1.546 Е Various ғ... р 1.516-1.534 
Ammonium chloride .... D 1.6422 Gum Arabic ........... red 1.480 
Anorthite glass ......... D 1.5755 E o ме red 1.514 
Asphalt EV onm. SR 1.635 Obsidian eser. D 1.482-1.496 
D VL ES... ‚ 670и 1.621 Бл... D 2.1442 
Бетте... нь. Р 1.0052 tC О оо ге... гед 1.531 
Boric acid, melted....... C 1.4623 Potassium bromide ..... D 1.5593 
» | “ЕЕЕ. D 1.4637 p chlorstannate. D 1.6574 
a i Е. . Е 1.4694 Е iodide ....... D 1.6666 
Borax, melted .......... C 1.4624 Resins: Aloes 2: ..... red 1.619 
Ы E ВЕРЕ... D 1.4630 Canada balsam . red 1.528 
в E MER... F 1.4702 Colophony ..... red 1.548 
Сапар о: о... D 1.532 Сара хх... гей 1.528 
“М... ИШ... р 1.5462 МӘН... гед 1.535 
Canada balsam 2... D 1.530 Peru balsam ... D 1.593 
Еро. 0... геа 1.66 Selenium .............. А 2.61 
Рис... А 2.03 ОЕ аа В 2.68 
ПИПИН... СИ. В 2.19 OTRA. C 243 
Жы... С 2.33 т... р 2.93 
MENT ПЕР... а 1.97 Sodium chlorate ........ D 1.5150 
EE OS. H 1:32 Strontium nitrate ...... D 1.5667 


TABLE 545.—INDEX OF REFRACTION OF MISCELLANEOUS UNIAXIAL CRYSTALS 





Index of refraction 


Spectrum Ordinary Extraordinary 

Crystal line ray ray 

Ammonium arseniate NH4H;AsQ, ............... D 1.5766 1.5217 
Вела. СО у ЕЕ eee р 1.6588 1.6784 
Corundum, AlO варрһАМге, гпБу................. р 1.769 1.760 
сеа аи И ооа С е р 1.308 1.313 
жне. Eoo ооо Li 1.297 1.304 
IVO оа e IEEE. D 1.539 1.541 
Роѓаѕ9іит агѕепаѓе КН.А<5О,................... Е 1.5762 1.5252 
д Б О: ne D 1.5674 1.5179 
ү; “ЖЕЕ Ва С 1.5632 1.5146 
Sodium агзета{е МазА$О,„.12Н.О............... D 1.457 1.466 
“ nitrate NONO 222 ........... D 1.586 1.336 

s plosphatei3:PO,-I2F,0 "Res D 1.447 1.453 
Nickel sulfate NiSO.°-6H:O................-.06: F 1.5173 1.4930 
S Ж о р 1.5109 1.4873 
4 s О. С 1.5078 1.4844 
туспе ӨПА... D 1.614 1.599 
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TABLE 546.—INDEX OF REFRACTION OF SELECTED UNIAXIAL MINERALS 


The values are arranged in the order of increasing indices for the ordinary ray and are for the 
sodium D line unless otherwise indicated. Selected by Edgar T. Wherry from a private com- 


pilation of Esper S. Larsen, of the U. S. Geological Survey. 


Uniaxial positive minerals 


Mineral Formula 
Ice 5800020 m 2 H;O 
Bee eere МЕЕ, 
гу ѕосоПа ...... СиО: 510, :2Н.О 
Laubanite ........ 2CaO- Al;Os* 5810, 6H;O 
embazite ........ (Ca, Na) O- AhOs: 4S1O;-6H;O 
Boueslasite ....... 2KCI: FeCl;:2H;O0 
Hydronephelite ... 2Na;0:3ALO:: 6510; 7H;0 
Apophyllite ...... K;0:8CaO-16S10;: 16H;O 
aU e SiO; 
Gogumbite .....- Fe.03°3S03°9H20 
ICH .......... MgO- H;O 
hi .... K;O:3A10;: 4SO4;:6H;O0 
Penninite ........ 5(Mg, Fe)O-ALOO;:3S10?: 4H;O 
Cacoxenite а 2Ее.Оз i Р.О. 12Н,0 
Пола ће ........ 6Na.0-6(Ca, Fe)O:20(Si, Zr)O2- NaCl 
 Оргаве ......... CuO- SiO; H;O 
Шиспаспе ....-... 2BeO: SiO: 
Багейе.......... 2СеОЕ:СаО:3СО; 
Willemite ........ 2210. 510; 
Vesuvianite ...... 2(Ca, Mn, Fe)O:(Al, Fe) (OH, F)O-2Si0, 
Xenotime ое» Mu Р.О; 
Connellite ........ 20CuO: SO;:2CuCl;:20H;O 
Венцоце ........ ВаО:·ТіО,: 3510, 
Сапота е ...... 6PbO-:4(Ca, Mn)O-6SiO; HO 
Scheelite ......... CaO: WO; 
ZIRCON ао ZrOs: SiO; 
Ром {е ........ СаО: МоО; 
ТОШЕ ее. Несі 
Cassiterite ....... SnO: 
EE ee ZnO 
Бисврепйе ....... PbO- PbCl;: CO; 
Penfieldite ....... PbO: PbCl. 
ОЕ ......... Ар! 
Паре ..2...... FeO- (Ta, Nb);O; 
в щие 2.22... ZnS 
Derbylite ........ 6FeO- Sb;O,: 5TiO; 
Greenockite ...... CdS 
ІШПЕ... ТІО: 
Moissanite ....... CSi 
парат... HgS 
Uniaxial negative minerals 
САШЕ EET 2NaF: AIF; 
Напкейе ........ ПМа0-950.- 200, Ка 
Thaumasite ...... 3CaO-: CO; SiO; SO; 15H20 
Hydrotalcite зоосоо 6MgO У А О,“ СО:: 15H.0 
Canerinite ....... 4Na.0-CaO:4AI,03:2CO2:9S102:3H:0 
MIE .......<- K;0-:4CaO-2A10,:24S10;: H;O 
Kaliophilite ...... K;O- ALbO;:2S1O; 
Меше .......... А10: С.О»: 18Н,О 
Marialite ........ "Ма" = ЗМа;0-3ЗА О, 18510; 2 Мас 
Nephelite И SES МХа:О.-А1,О3:251О: 
Wererite ....... MeMa, + 
BER а... ЗВеО: А1.О::6510, 
I«DOPDSEDIfe orsus CuO-2UO;: P0; 8H;O 
Меопе ......... “Ме” = 4Са0 ·-ЗАЉ Оз. 6510; 
ТЕШЕ о. Contains №а,О, СаО, АЉО,, SiO;, etc. 


(continued) 
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Index of refraction 


Ordinary Extraordinary 


ray 
1.309 
1.378 
1.460 = 
1.475 
1.480 = 
1.488 
1.490 
1.53526 
1.544 
1.550 
1.559 
1:572 
1.576 
1.582 
1.606 
1.654 
1.654 
1.6764 
1.691 
1.7164 
72721 
1.724 
15757 
1.910 
1.918 
1.923 
1.974 
1.973 
1.997 
2.013 
2.114 
2.130 
2.210 
2.270 
2.356 
2.450 
2.506 
2.616 
2.654 
2.854 


1.349 
1.481 
1.507 
1.512 
1.524 
1:932 
1.537 
1.539 
1.539 
1.542 
1.578 
I Sent 
1.592 
1597 
1.634 


тау 
10015 
1.390 
1570) 
1.486 
1.482 = 
1.500 
1.502 
1.5372 
15553 
1.556 
1.580 
10592 
1.579 
1.645 
1.611 
1.707 
1.670 
175] 
1.719 
1:72] 
1.816 
1.746 
1.804 
1.945 
1.934 
1.968 
1.978 
2.650 
2.093 
2.029 
2.140 
2.210 
2 220 
2.420 (Li line) 
2.378 
2.510 (Li line) 
2 529 


2.903 
2.697 
3.201 


1.342 
1.461 
1.468 
1.498 
1.496 
1523 
1-533 
Toli 
1.537 
1.538 
1.551 
= 
1.582 
1.560 
1.629 


(concluded) 
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TABLE 546.—INDEX OF REFRACTION OF SELECTED UNIAXIAL MINERALS 


Index of refraction 


Ordinary Extraordinary 


Mineral Formula 
Apatite ES... 9CaO-3P;0;:Ca(F, Cl): 
Calcite EE... Сао. СО; 

Gehlenite ........ 2CaO- Al;Os: S1O; 
Tourmaline ...... 

Dolomite ........ CaO: MgO-2CO; 
Magnesite ....... MgO:CO: 
Pyrochroite ...... MnO-H;O 
Сона... А.О: 

Smithsonite ...... ZnO: CO: 
Rhodochrosite MnO- CO; 

Пато ее. К.О: ЗЕе, О: 450, :6Н,О 
Siderite ......... FeO- CO; 
Pyromorphite .... 9PbO-3P;O;:PbCl 
Вагу с... ЗРЬО:2510: 
Mimetite ........ 9PbO-3As;0;: PbCl; 
Matlockite mM... PbO: PbCL 

Stolzite ......... PbO: WO; 
Geikielite ........ (Mg, Fe)O- TiO: 
Vanadinite ....... 9PbO-3V;O;: PbCl; 
Wulfenite ........ PbO: MoO; 
Octahedrite ...... ТІО: 

Мазсо 2... РЬО 

Proustite ШЕ... JAg;S: As;S; 
Pryargyritemes: «= JAg:;S: Sb5Ss 
Hematite T... Fe:0; 


TABLE 547.—INDEX OF REFRACTION OF 


Contains Na;O, FeO, ALO;, B;O;, SiO; etc. 


ray 
1.634 
1.658 
1.669 
1.669 
1.681 
1.700 
E723 
1.768 
1.818 
1.818 
1.820 
1.875 
2.050 
2.070 
21135 
2.150 
2.269 
2.310 
2.354 
2.402 
2.554 
2.665 
2.979 
3.084 
3220 


ray 
1.631 
1.486 
1.658 
1.638 £ 
1.500 
1.509 
1.681 
1.760 
1.618 
[595 
AE 
1.635 
2.042 
2.050 
2.118 
2.040 
2182 
1.950 
2.200 
2.304 (Li line) 
2.493 
2.535 (Li line) 


2/\ 
2.09] EMEN 
2.940 “ “ 


MISCELLANEOUS LIQUIDS 


(see also Table 551), LIQUEFIED GASES, OILS, FATS, AND WAXES 


Substance 
Liquefied gases: 
Br 


Castor 
Citronella 
Clove 
Cocoanut 


Cod liver ..... 
Cotton seed ... 


Croton 


Eucalyptus .... 


Lard 


* = е ө е %Ф е «е 


тосоо оо o 


ооо ооо 


Тетр Index for D 
EC 0.5894 
15 1.659 
14 1.367 
15 1.195 
18 1.325 
6 1.180 
18.5 1.384 
--190 1.205 
10.52 325 
-- 90 1.330 
15 1.194 
—181 1.221 
15 1.350 
10. 5:81 252 
10 225 
16.5 1.466 
15.5  1.4728-1.4753 


15 1.4799-1.4803 


20 1.47 -1.48 
20 1.5301-1.5360 
15.5 1.4587 


15 1.4790-1.4833 
1.4737-1.4757 
2 1.4757-1.4768 
2 1.460 -1.467 

1.4702-1.4720 


Substance 
Oils : 
Lavender 
Linseed 
Maize 
Mustard seed .. 
Neat's foot .... 
Olive: 
Palm 
Peanut 
Peppermint .... 
Poppy 
Porpoise 
Rape (Colza) .. 
Seal 
Sesame 
Soya bean 
Sperm 
Sunflower 
Tung 
Whale 
Fats and Waxes: 
Beet tallow c 
Beeswax 
Carnauba wax. 
Cocoa butter .. 
Lard 
Mutton tallow.. 


оо оо е 


во ооа о о 


. . • • • . эө ө 


e 9 «. ө э ө • е ee 


воо оо е е 


. . • • • • • • • 9 


Тетр 
С 


Index for D 
0.5894 


1.464 -1.466 
1.4820-1.4852 
1.4757-1.4768 
1.4750-1.4762 
1.4695-1.4708 
1.4703-1.4718 
1.4510 
1.4723-1.4731 
1.464 -1.468 
1.4770 

1.4677 
1.4748-1.4752 
1.4741 

1.4742 
1.4760-1.4775 
1.4665-1.4672 
1.4739 

1.503 

1.4649 


1.4552-1.4587 
1.4398-1.4451 
1.4520-1.4541 
1.4560-1.4518 
1.4584-1.4601 
1.4510 
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TABLE 548.—INDEX OF REFRACTION OF SELECTED BIAXIAL MINERALS 


The values are arranged in the order of increasing B index of refraction and are for the 
sodium D line except where noted. Selected by Edgar T. Wherry from private compilation 
of Esper S. Larsen, of the U. S. Geological Survey. 





Biaxial positive minerals | 
Index of refraction 


Mineral Formula "a ng ny 
Stercorite ........ Na;O: (NH,),O: P50,:9H;O 1.439 1.441 1.469 
Aluminite ....... ALO;:SO;9H;O 1.459 1.464 1.470 
Mridymite ........ 510; 1.469 1.470 1.473 
Thenardite ....... Na;:0O: SO; 1.464 1.474 1.485 
ана ........ KCl: MgCl: 6H;O 1.466 1.475 1.494 
Alunogen ........ AbLO::3SO::16H;O 1.474 1.476 1.483 
Melanterite ...... FeO:SO;-7H,O 1.471 1.478 1.486 
Мао ...... Na;O: AbO;:3S10;:2H;O 1.480 1.482 1.493 
АтсапИе ......... К:О:5О: 1.494 1.495 1.497 
Struvite ......... (NH4,0:2MgO- P,0,: 12H;0 1.495 1.496 1.500 
Heulandite ....... CaO- Ab,O;:6S10;: 3H;O 1.498 1.499 1.505 
Thomsonite ...... (Na, Ca)O-ALO:;:2S10;:3H;O 1.497 1.503 1:525 
Harmotome ...... ( K5, Ba)O-ALO;:5S10;:- 5H;O 1.503 1.505 1.508 
Petalite ......... 150. А0, 8510; 1.504 1.510 1.516 
Monetite ......... 2СаО:· Р.О: Н,О 1.515 1.518 1.525 
Newberyite ...... 2MgO- P,O0,:-7H;O0 1.514 1.519 1.533 
Gypsum ......... СаО:-50.:2Н;О 1.520 1.523 1.530 
Mascagnite ...... (NH4jO: SO; 1:521 1.523 1.533 
АБЕ... "Ab" — ХМа:О: А1:Оз:651О: 17525 1.529 1.536 
Hydromagnesite .. 4MgO-3CO;:4H;O 1.527 1.530 1.540 
ХУауе е ........ ЗАҺОз2Р,О,:12(Н.О, 2НЕ) 1.525 1.534 1.552 
Kieserite ........ MgO- SO: H;O 1:523 1555 1.586 
Copiapite’........ 2Ее,О,:55О,18Н;О 1.530 1.550 1.592 
Whewellite ...... Сао. СО HO 1.491 1.555 1.650 
Variscite ........ А1,О,:Р,О,:4Н,О 1.55] 1.558 1.582 
Labradorite ...... Ab;Ani 1.559 1.563 1.568 
Gibbsite ......... Al1,0;: 3H;O 1.566 1.566 1.587 
Wagnerite ....... 3MgO- P;O;: MgF, 1.569 1.570 1.582 
Anhydrite ....... СаО: 50, 1-57] 1.576 1.614 
Colemanite ...... 2СаО:3В,О::5Н.О 1.586 1.592 1.614 
Fremontite ....... Na;O- AbO;: P0; (Н.О, 2НЕ) 1.594 1.603 1.615 
Vivianite ........ 3FeO- P0, 8H;O 1.579 1.603 1.633 
Pectolite ......... NaO:4CaO-:6SiO; HO 1.595 1.604 1.633 
Calamine ........ 2ZnO: SiO; H;O 1.614 1.617 1.636 
Chondrodite ..... 4MgO: SiO: Mg(F, OH) 1.604 1.617 1.636 
Turquoise -.... CuO:3A1,0;-2P;,0,:9H;O 1.610 1.620 1.650 
ОБА о. 2МОЕ · 510; 1.619 1.620 1.627 
Celestite ......... SrO: SO; 1.622 1.624 1.631 
Prehnite ......... 2CaO- ALO:: 3810: HO 1.616 1.626 1.649 
Басе e... ВаО · 50, 1.636 1.637 1.648 
Anthophyllite .... Мео-510,; 1.633 1.642 1.657 
Sillimanite ....... А1:Оз:51О: 1.638 1.642 1.653 
Forsterite ........ 2MgO: SiO; 1.635 1.651 1.669 
Enstatite ........ MgO: SiO: 1.650 1.653 1.658 
Баса. 2222... 2BeO- AbO;:2S10;: HO 1.653 1.656 1.673 
Тобе Е. 3MnO:P.Os: MnF, 1.650 1.660 1.672 
Spodumene ...... 11,0: А10: 4510, 1.660 1.666 1.676 
Diopside ._...... CaO:-MgO:2Si0, 1.664 1.671 1.694 
ме о... 2(Мр, Ее)О: 510, 1.662 1.680 1.699 
Tnphylte ....... ІЛ:О-2(Ғе, Mn)O-P.O; 1.688 1.688 1.692 
Дое vv. 4CaO-:3AL0;:6S10;: H;O 1.700 1.702 1.706 
Strengite ее Ее.О.. Р,О,:4Н,О 1.708 1.708 1.745 
Diaspore ......... АЂО, НО 1.702 15222 1.750 
Staurolite ........ 2ЕеО ·5А1,0,:4510,: Н,О 1.736 1.741 1.746 
Chrysoberyl ..... BeO-: ALl;O; 1.747 1.748 1.757 
АЛИКЕ аара... ЗСиО ·2С0,:Н,О 1.730 1.758 1.838 
Scorodite ........ Fe;O;: As;O,"4H;O 1.765 1.774 1.797 

(continued) 
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TABLE 548.—INDEX OF REFRACTION OF SELECTED BIAXIAL MINERALS 


Mineral 


Olivenite ....... 
Anglesite ....... 
Тиапйе ........ 
Claudetite ...... 
Sulf e n 
Cotunnite ....... 
Huebnerite ..... 
Manganite ...... 
Вазрце ......... 
Mendipite ....... 
Tantalhte ..29. 
Wolframite ..... 
Стосоце ...... 
Pseudobrookite ... 
Stibiotantalite .... 
Montroydite .... 
Brookite ........ 
Massicot ........ 


Mirabilite ....... 


Thomsenolite 


Natron ».. 

Kalinite ........ 
Epsomite ....... 
Sassolite ........ 
Бот NES. 
Goslarite ....... 
Pickeringite .... 
Bloedite ........ 
она... Е. 


Thermonatrite 


БО... 

МІ... 
Каїпйе ......... 
Gaylussite ...... 
Scolecite ........ 
Laumontite ..... 
Orthoclase ...... 
Microcline ...... 
Anorthoclase .... 
Glauberite ...... 
Cordierite ..... 

Chalcanthite .... 
Oligoclase ...... 
Beryllonite ..... 
Kaolinite ....... 
Biotite .......... 
Autunite ........ 
Anorthite ....... 
Lanthanite ...... 
Pyrophyllite .... 
Ike ое: 
Hopeite ........ 
Muscovite ...... 
Amblygonite .... 
Lepidolite ....... 
Phlogopite ...... 
Tremolite ....... 


(continued) 


Biaxial positive minerals (continued) 


Formula 


4CuO E As:Os Н» 


РЬО.5О» 
СаО-Т1О.: $10; 
А5:0: 

S 


PbO:WO, 
2PbO-PbCIl; 


О 


(Fe, Mn)O- Ta;O; 
(Fe, Mn)O- WO; 


PbO: СгО: 
гЕе;О, d 3T1O:; 
55,0, Та:О; 
HgO 

TiO: 

PbO 


Biaxial negative minerals 


Na;O: $0, : 10H;O 

NaF: CaF;: А!Е. Н.О 
Ма.О.СО.: 10H;O 

К.О E А1.Оз: 450, -24Н.О 
MgO- SO,.7H;0 


В.О. Н.О 


Na;O-2B;0;: 10H;O 


ZnO: SO; 7H;O 


MgO -А;О::45О0,:22Н,О 
Na;O: MgO:250,: 4H;O 
3Na;0:4CO;- 5H;O 


Ха:О р СО: 7 Н.О 


(Gay Na:)O Ы А1.,Оз: 651О:: 5Н;О 


К.О E ХО; 


3H20 


№а,О:· СаО :2С0,:5Н,.О 
CaO- ALl;O;: 3810; 3H;O 
CaO- AL;O;: 4SiIO; Н.О 

K;O- AL;?0:: 6S10; 

Same as preceding 

(Ма, К)гО· АБОл- 6510; 
Ха:О-СаО:25О: 


4(Mg, Fe)O -4А1.Оз- 1051О:: H;O 
CuO : SO,:5H;O 


АҺАп 


Ма:О ° 2ВеО t Р.О; 
АЉО 2510» 28,0 


K;O-4(Mg, Fe)O-2AL0;-6510;: H;O 


СаО :200,: Р.О, У 8Н.О 
“Ап” -- СаО-А,;О::2510: 
Га:О.:3СО.:9Н:О 

АЉОл- 4510; Н.О 


3МЕО:451О:: 


3ZnO т Р.О, 5 4Н, 


H;O 


О 


К.О 2 А.О: "651О::2Н;О 
А1.Оз: РО. · Е 
АО,- 3510; 2 (К, 11) Е 


К.О : 6MgO 5 A10; У 6510, 28,0 


CaO-3MgO- 4510; 
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(continued) 


Index of refraction 


na 
1772 
1.877 
1.900 
1.871 
1.950 
2.200 
2.170 
2.240 
2.270 
2.240 
2.260 
2.310 
2.310 
2.380 
2.374 
2.370 
2.583 
2.510 


1.394 
1.407 
1.405 
1.430 
1.433 
1.340 
1.447 
1.457 
1.476 
1.483 
1.410 
1.420 
1.494 
1.334 
1.494 
1.444 
1.512 
1.513 
1.518 
1.522 
1.523 
1.515 
1.534 
1.516 
1.539 
1.552 
1.561 
1.541 
1.553 
1.576 
1.520 
1.552 
1.539 
1.572 
1.561 
1.579 
1.560 
1.562 
1.600 


"В 
1.810 
1.882 
1.907 
1.920 
2.043 
2217 
2.220 
2.240 
2.270 
2.270 
2.320 
2.360 
2.370 
2.390 
2.404 
2.500 
2.586 
2.610 


1.396 
1.414 
1.425 
1.452 
1.455 
1.456 
1.470 
1.480 
1.480 
1.487 
1.492 
1.495 
1.498 
1.505 
1.505 
1.516 
1.519 
1.524 
1.524 
1.526 
12929 
1532 
15559 
1:539 
1.543 
1.558 
1.563 
1.574 
1.575 
1.584 
1.587 
1.588 
1.589 
1.590 
1.590 
1.593 
1.598 
1.606 
1.616 


мү 
1.863 
1.804 
2.034 
2.010 
2.240 
2.260 
2.320 
2.530 (14) 
2.300 
2.310 
2.430 (14) 
2.460 (Li) 
2.660 (Li) 
2.420 (Li) 
2.457 
2.650 (Li) 
2741 
2710 


1.398 
1.415 
1.440 
1.458 
1.461 
1.459 
1.472 
1.484 
1.483 
1.486 
1.542 
1.518 
1.500 
1.506 
1.516 
1.523 
519 
1:525 
1.526 
1.530 
1:531 
1.536 
1.540 
1.546 
1.547 
1.561 
1.565 
1.574 
1:547 
1.588 
1.613 
1.600 
1.589 
1.590 
1.594 
597 
1.605 
1.606 
1.627 


526 


TABLE 548.—INDEX OF REFRACTION OF SELECTED BIAXIAL MINERALS 


(concluded) 


Biaxial negative minerals (continued) 


Mineral Formula 
ActiBelite ..——.... CaO:3(Mg, Fe)O 4510; 
Wollastonite ..... СаО:51О: 
Lazulite же ае аа • (Ее, Мр)0: · А], Os: РО»: Н.О 
Danburitée ....... Сао 8,02: 2510; 
Glaucophane ..... Na;O-2FeO- Al;0;: 6510; 
Andalusite ....... АЛ“ 510; 
Hornblende ...... Contains Na;O, MgO, FeO, SiO,, etc. 
Datolite босас "P" 2CaO .251О:: BO; Н.О 
Invite т... 3CoO- As;0,: 8H;O 
Monticellite ...... CaO: MgO: SiO; 
Strontianite 5... SrO: CO; 
Мене 2.27... ВаО:СО; 
Aragonie ..J.. CaO- CO; 
Ае... 6(Са, Mn)O-2ALO:;: B;0;: 8810; HO 
Dumortierite S OTHO 8A lLO: у В.О: i 6510; ў НО 
Сулине ......... AlO: SiO: 
Epidote а 4СаО:3(АЇ, Fe),0::6SiO;: H;O 
Atacamite ....... 3CuO: CuCl: 3H20 
БазхаШше ......... 2FeO: SiO, 
Caledonite ....... 2(Pb, Cu)O: SO; H;:O 
Mialaclitte 5s... 2CuO: CO; H;O 
Lanarkite 222... 2PbO: SO; 
Leadhillite ....... 4PbO:SQ;:2CO; H;O 
Cennse ..-... РЂБО· СО; 
Рацтшопне ....... PbCl;: PbO:H;O 
Matlockite ...... PbO: PbCl. 
Baddeleyite ...... ZrO; 
Lepidocrocite .... ЕеОз: Н.О 
Іле 6... 2Fe;0O,: 3H;O in part 
Goethite Die c o TED Fe;Os: H; О 
Valentinite 27... Sb;O; 
ре”... 2Fe;O:: H;O in part 
RealBar ceee- ae 
Terlinguaite ..... Hg;OC 
Hutchinsonite .... (Tl. x S: PbS:2AsS, 
SUDANE  . А 555; 
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Index of refraction 


"a 


1.614 
1.620 
1.612 
1.632 
1.621 
1.632 
1.634 
1.625 
1.626 
1.651 
1.520 
1.529 
1.531 
1.678 
1.678 
1.712 
1:229 
1.831 
1.824 
1.818 
1:055 
1.930 
1.870 
1.804 
2077 
2.040 
2.130 
1.930 
2.170 
2.210 
2.180 
2,450 
2.460 
2.350 
3.078 
3.194 


"В 
1.630 
1.632 
1.634 
1.634 
1.638 
1.638 
1.647 
1.653 
1.661 
1.662 
1.667 
1.676 
1.682 
1.685 
1.686 
1.720 
1.763 
1.861 
1.864 
1.866 
1.875 
1.990 
2.000 
2.076 
2.116 
2.150 
2.19) 
2.210 
2.290 
2.350 
2.350 
2.550 
2.590 
2.640 
3.170 
4.303 


У 
1.641 
1.634 
1.643 
1.636 
1.638 
1.643 
1.652 
1.669 
1.699 
1.668 
1.667 
1.677 
1.686 
1.688 
1.689 
1.728 
1.780 
1.880 
1.874 
1.909 
1.909 
2.020 
2.010 
2.078 
2.158 
2.150 
2.200 
2.510 


TABLE 549.—INDEX OF REFRACTION OF MISCELLANEOUS 529 
BIAXIAL CRYSTALS 
Index of refraction 
Spectrum 
Crystal line na "В ny 
Ammonium oxalate, (NH,).C.0,-H:20...... D 1.4381 1.5475 1.5950 
Ammonium acid tartrate, 

CARI) ACC, EO.) а. D 1.5188 1.5614 1.5910 
Ammonium tartrate, (NH.)2CsH.Oc........ D -- 1.581 — 
оорума СиО: З... р 1.5697 1.6935 1.7324 
Citric acta. С«НО НО Ж................ р 1.4932 1.4977 1.5089 
Codein, Ci Hü4NO;: HO 00090000900900D090220*C D 1.5390 1.5435 — 
Magnesium carbonate, MgCQO;°3H.0....... D 1.495 1.501 1.526 

M salate, MgSO.-7FHS.0 ......— D 1.432 1.455 1.461 
Б ПОДА. S CET. Cd, .226u 1.4990 1.5266 1.5326 
M о. ИЕ Н, .б5би 1.4307 1.4532 1.4584 
Potassium bichromate, K;Cr;O; ............ D 1.7202 1.7380 1.8197 
d chromate, ШО. D - 1.7254 — 
И Е... и red 1.6873 15727 1.7305 
M ОК Пенн, D 1.3346 1.5056 1.5064 
b sulfate Ков. Е 1.4976 1.4992 1.5029 
i CMM "A EE Я D 1.4932 1.4946 1.4980 
i о о. С 1.4911 1.4928 1.4959 
Каспе аса С НОО yellow — 1.526 — 
Безогсп, СЕ О)» ........-............... D — 1555 — 
Sodium bichromate, NaeCr.207°2H.0........ D 1.6610 1.6994 1.7510 

P acid tartrate, МХаН(С.Н.О.):2Н.О.. red - 115332 — 
Sugar (cane), ОО НЕ. „о а TI 1.5422 1.5685 1.5734 

j 5? EE. E... M... D 1.5397 1.5667 1.5716 

Ж GEM ЖЕ. ИЕ EU Li 1.5379 1.5639 1.5693 
Тагїатїс асса Os ПЕШ)... р 1.4953 1.5353 1.6046 
Zinc sulfate, Z050 ZH;0 eaa sanaan Е 1.4620 1.4860 1.4897 

4 E. О INI. eS D 1.4568 1.4801 1.4836 

ч ПИ НИ а са ои С 1.4544 1.4776 1.4812 


TABLE 550.—SPECIFIC GRAVITY, COEFFICIENT OF EXPANSION, AND STAIN 
CLASS OF OPTICAL GLASS * 


Cofficient of expansion Stain 
Specific gravity mean values X 107 ins 
Glass type BL СЕ. — 40? to 0? 0? to 40? 0° to 100° 0° to 300° BL 
BL BL BL CG 

SUL аи 2.48 E 73.0 77.0 79.6 a 1 
Ш/А а... 2.99 2.99 62.0 65.2 67.5 80 1 
ТТ... M 2.99 27% 75.8 80.2 83.0 Es 1 
1... 2.73 70.2 73.0 74.5 ге 1 
ДОА... 3.21 РЕ 74.2 78.0 80.0 ue 3 
БИО ТО ЛИ а. 327 3.21 „К ME 25 99 ] 
ОЧЧО о ei 3.21 ^. 76.2 80.0: 81.9 m 1 
SUG | Gams. D са о 3.49 3.47 m — ; 86 1 
ШУЛ... 3.57 3.56 57.8 522 64,1 70 5 
CHINE NE 3.58 3.40 60.8 64.0 66.9 71 5 
E5660 E Ls sea ees s vs 3.64 3.58 70.8 73.0 74.2 89 1 
ОЕ 550 eee з... 3.66 3.50 г M n 22 5 
ЕШІЗ502 485022200... 3.67 3.61 87 1 
В... 3.91 3.89 DA ec D 85 2 
о... 4.51 Т 7215 75.2 27.9 T 9 
Melt No. 

ЕО. 4.1 58.0 61.2 63.5 

ERS-204 | E CAE escas s 4.5 57.8 61.2 63.9 
В... 4.7 53.5 57.0 59.4 
о... 4.6 57.0 60.5 63.4 


BL, Bausch & Lomb Optical glass. EK, Eastman Kodak glass. CG, Corning glass. 
The first 15 glass types in column I are described in Table 524 of NBS glasses. 





." Types of glass in class ! or 2 are not likely to stain even when used as exposed surfaces in tropical climates. 
Glasses in class 5 are liable to stain when exposed to rain, moisture condensation, or fingerprints in any climate. 
Other glasses are intermediate in stain resistance. 
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TABLE 551.—INDEX OF REFRACTION OF SOME LIQUIDS RELATIVE TO AIR 





Substance 
Acetaldehyde, CH;CHO ......... 
Acetone, CH;3COCH: ............ 
АпШпе, СН, МН, .............. 


Alcohol, methyl, CH::OH........ 
е еу Нани... 
E Low 
i n-propyl CG;H;i: OH ...... 
enzene, Celle <.....ceecsss eevee 


E СТОН ИН one 
Bromnaphthalene, CoH;Br ....... 
Carbon disulfide, CST M... 

“ tetrachloride, CCh ....... 
Chinolin, CHiN ...- es 
ига, ССЗ СЕНО З... 
(ШШого!огп, СИС!» ............. 
Юесапе, СН .................. 
Ether, ethyl, C2H;:O°C.Hs....... 

Gn Ot oc ls 
Ethyl nitrate, CHHs;-O- NO; ...... 
Formic acid, H CO, Hae e655 
Сусегїпе, С,НЬО» ............... 
Нехапе, СН.(СН,).СН, ...+..... 
Hexylene, CH;(CH;.CH: CH, E 
Methylene iodide CHiL........... 

ана... 
Маріћа/епе, СН, .............. 
Nicotine, CoHuN: осеке... 
Octane, СЕ СН: 
@il, a HONG и... 


.4.%4..4.!.44.!!!.%Ф о о а в 6 


• • • • • ооо во «с с с с с «с с «с с «со • 


ОЕА... 
TOCK со о. EB... 


4 9» 9 € 9$ * ө ө ө «б a 9 à ое о э ә € 


Pentane, CH;(CH.);CH; ......... 
Phenol, СПОН ИЦ с: 
Styrene, C.,H;CH-: CH; Ососооооос 
Thymol, СОО а Е... 
Toluene, СН:-С.Н. ее. 
Water, EI... lm ерси енн 


• • • « « ө «ч е «а ө «а « е со с с с с с с ө ө ө ө ө 
*° е е е «< с ө е « е ө е ө с ө с « со ө «е ө о е 


• • • • « е «ч е ө © ө ө • ө ө ө ө с «с с ө ө е о ө е 
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0.397 
Н 


1.3399 


ТӨ 


— ке j-—À 

S 
“100 
an oO 


үе ra 
Б К 
© 
4 


с» 


ty 
а dC EI 

N 

N 


— 
| © 
© 
С© 
+ 


1.7039 
1.6985 


1.4939 
1.4913 


1.3435 
1.3444 
1.3411 
1:3332 


Indices of refraction 


0.434д 
Ge 


1.3394 
1.3678 
1.6204 
1.3362 
113775 
1.3700 
—.0004 
1.3938 
1.5236 
—.0007 
1.7041 
1.6920 
1.6748 
1.4729 
1.6679 
1.4679 
1.458 
1.4200 
1.3607 
—.0006 
1.395 
1.3804 
1.4828 
1.3836 
1.4059 


1.5439 
1.4097 


1.5775 


ом 
+ 


0.4864 
F 


1.3359 
1.3639 
1.6041 
1.3331 
1.3739 
1.3666 
—.0004 
1.3901 
1.5132 
--.0006 
1.6819 
1.6688 
1.6523 
1.4676 
1.6470 
1.4624 
1.4530 
1.4160 
1.3576 
—.0006 
1.392 
1.3764 
1.4784 
1.3799 
1.4007 
1.7692 
—.0007 
1.6031 


1.4046 
1.4847 
1.5743 
1.5647 
1.5623 
1.6389 
1.6314 
1.6508 
1.4825 
1.4644 
1.4817 
1.4793 
1.3610 
1.5558 
1.5356 
1.5659 
1.5386 
1.5070 
1.3372 
1.3380 
1.3349 
1.3270 


0.5894 
D 


1.3316 
1.3593 
1.5863 
1.3290 
1.3695 
1.3618 
—.0004 
1.3854 
1.5012 
— .0006 
1.6582 
1.6433 
1.6276 
1.4607 
1.6245 
1.4557 
1.4467 
1.4108 
1.3538 
--.0006 
1.3853 
1.3714 
1.4730 
1.3754 
1.3945 
1.7417 
—.0007 
1.5823 
1.5239 
1.4007 
1.4782 
1.5572 
1.5475 


1.6104 
1.6026 
1.6188 
1.4763 
1.4573 
1.4744 
1.4721 
1.3581 
1.5425 


1.5485 


1.4955 
1.3330 
1.3338 
1.3307 
1.3230 


0.6564 
C 


1.3298 
1.3573 
1.5793 
1.3277 
1.3677 
1.3605 
—.0004 
1.3834 
1.4965 
—.0006 
1.6495 
1.6336 
1.6182 
1.4579 
1.6161 
1.4530 
1.4443 
1.4088 
1.3515 


1.3830 
1.3693 
1.4706 
1.3734 
1.3920 
1.7320 
--.0006 
1.5746 
1.5198 
1.3987 
1.4755 
1.5508 
1.5410 
1.5391 
1.6007 
1.5930 
1.6077 
1.4738 
1.4545 
1.4715 
1.4692 
1.3570 
1.5369 
1.5174 
1.5419 
1.5228 
1.4911 
153512 
1.3319 
1.3290 
153213 
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OF REFRACTION FOR SOLUTIONS OF SALTS AND ACIDS 
RELATIVE TO AIR 


Indices of refraction for spectrum lines 


T 
Substance Density С” c D 
Solutions in water 
Ammonium chloride ....... 1.067 27.05 1.37703 1.37936 
7 ZEE . | .025 29.75 .34850 .35050 
Galcium chloride .......... .398 25.65 .44000 .44279 
Ж EO Au hese .215 22.9 .39411 .39652 
M УТЕ. 143 25.8 ‚37152 37369 
Flydrochioric acid ........ 1.166 20.75 1.40817 1.41109 
Nitric acid и... Е 656 .359 18.75 .39893 .40181 
Нона (сап$(їс) .......... 416 11.0 .40052 .40281 
Potassium chloride ........ normal solution .34087 .34278 
Ж uL o s double normal .34982 .35179 
4 ЕУРО triple normal .35831 .36029 
по Caustic) .. M- ..... 1.376 21.6 1.41071 1.41334 
Sodium chloride ........... .189 18.07 34562 .37789 
s НИ... .109 18.07 35751 35959 
к EE... .035 18.07 .34000 .34191 
Sodsium пига{е ............ 1.358 22.8 1.38283 1.38535 
НЕС ас „ен... .811 18.3 .43444 .43669 
E DU - "ES. .632 18.3 .42227 .42466 
P cO NES 221 18,3 .36793 .37009 
E A --— ES .028 18.3 .33663 .33862 
Zitte chloridé И ....... 1.359 26.6 1.39977 1.40222 
s “ЖИИ. т... .209 26.4 .37292 .37515 
Solutions in ethyl alcohol 

Enyi alcoholta .. TE... .789 25.5 1.35971 1.35971 
i: Soo WM EMT. .932 27.6 .35372 .35556 

Fuchsin (nearly saturated).. — 16.0 .3918 .398 

Cyanin (saturated) ........ — 16.0 .3831 — 


Е 


1.38473 
.35515 
„44938 
40206 
.37876 


1.41774 
40857 
40808 
.34719 
.35645 
20512 


1.41936 
38322 
„36442 
„34628 


1.39134 
„44168 
42967 
„37468 
„34285 


1.40797 
„38026 


1.36395 
„35986 
.361 
.3705 


н, 


1.35049 


1.39336 
.36243 
.46001 
.41078 
„38666 


1.42816 
„41961 
41637 


1.42872 


1.40121 
‚44883 
43694 
38158 
34938 


1.41738 
„38845 


1.37094 
„36662 
2/59 
3821 


Хоте.--Суапіп іп chloroform also acts anomalously ; for example, Sieben gives for a 4.5 percent 
solution 44 — 1.4593, ws = 1.4695, ur (green) = 1.4514, we (blue) = 1.4554. For a 9.9 percent 
solution he gives wa = 1.4902, ur (green) = 1.4497, we (blue) = 1.4597. 


Solutions of potassium permanganate in water 


E 

ЕР 33 33 E 

5 ge 585 fe bs 

2 45 = Es XE 
687. B 13328 13342 -- 
656 С 3335 3348 1.3365 
67 — 3343 3365 2381 
594 — 13354 3373 3393 
589 D 3353 092 — 
МЕ Ж” 5:0 297 3412 
53 — 13366 3395 13417 
27 58 - - 
522 — 13362 3377 3388 
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Wavelength 


.516u 


.500 
.486 
.480 


447 
434 
423 


Spectrum 
line 


П late | 1) 


3431 


$o 
м x 9 
ША 88 
to b 
1.3368 1.3385 
3374 .3383 
3377 -- 
.3381 .3395 
.3397 .3402 
3407 .3421 
347 - 
‚3442 


Іпдех Ғог 
3 % sol 


1.3386 
3398 
3414 
3426 


3457 


Index for 
4% sol 


532 TABLE 553.—INDEX ОЕ ВЕЕВАСТ!ОМ ОЕ А!В (15°C, 76 cmHg) 
Corrections for reducing wavelengths and frequencies in air (15°C, 76 cmHg) to vacuo 


The indices were computed from the Cauchy formula (» — 1)10' — 2726.43 4- 12.288/(X* X, 
1075) 4- 0.3555/(A* x; 107'*). For 0°C and 76 cmHg the constants of the equation become 2875.66, 
13.412 and 0.3777 respectively, and for 30°C and 76 cmHg 2589.72, 12.259 and 0.2576. Sellmeier's 
formula for but one absorption band closely fits the observations: л? = 1 4- 0.00057378X*/ (X? — 
595260). If »— 1 were strictly proportional to the density, then (2 — 1)o/(n — 1)t would equal 
1 + at where a should be 0.00367. The following values of a were found to hold: 


А 0.854 0.7 5u 0.65u 0.554 0.454 0.35 0.254 
a 0.003672 0.003674 0.003678 0.003685 0.003700 0.003738 0.003872 


The indices are for dry air (0.05 + % CO:z). Corrections to reduce to dry air the indices for 
moist air may be made for any wavelength by Lorenz’s formula, + 0.000041(m/760), where m 
is the vapor pressure in mm. The corresponding frequencies in waves per cm and the corrections 
to reduce wavelengths and frequencies in air at 15°C and 76 cmHg pressure to vacuo are given. 
E.g., a light wave of 5000 angstroms in dry air at 15°C, 76 cmHg becomes 5001.391 A in vacuo; 
a frequency of 20,000 waves per cm correspondingly becomes 19994.44. 


Fre- Vacuo Fre- Vacuo 
quency correction quency "ten 
Wave-  Dryair Vacuo Waves per for Ер іп аіг Wave- Dry air Vacuo Waves per for — in air 
length, (n — 1) correction cm A length, (» — 1) correction ст А 
Х x 107 for Xin air 1 (х-:) А X107 forAinair 1 (h-i 
ang- 15°C . (141— X) À nÀ А апр- 1590 – (пХ— 7) А ях Л 
stroms 76 стНе ааа in air subtract stroms 76 cmHg add in air subtract 
2000 3256 ‚651 50,000 16.27 5500 2771 1.524 18,181 5.04 
2100 3188 ‚670 47,619 15.18 5600 2769 1.551 17,857 4.94 
2200 23132 .689 45,454 14.23 5700 2768 1.578 17,543 4.85 
2300 3086 710 43,478 13.41 5800 2766 1.604 17,241 4.77 
2400 3047 Fol 41,666 12.69 5900 2765 1.631 16,949 4.68 
2500 3014 754 40,000 12.05 6000 2763 1.658 16,666 4.60 
2600 2986 776 38,461 11.48 6100 2762 1.685 16,393 4.53 
2700 2962 800 37,037 10.97 6200 2761 Г/ІР 16,129 4.45 
2800 2941 ‚824 35,714 10.50 6300 2760 1.739 15,873 4.38 
2900 2923 848 34,482 10.08 6400 2759 1.766 15,625 4.31 
3000 2907 ‚872 33,333 9.69 6500 2758 1.792 15,384 4.24 
3100 2893 897 32,258 9.33 6600 2757 1819 15,151 4.18 
3200 2880 022 31,250 9.00 6700 2756 1.846 14,925 4.11 
3300 2869 ‚947 30,303 8.69 6800 2755 1.873 14,705 4.05 
3400 2859 972 2941 8.41 6900 2754 1.900 14,492 3.99 
2500 2550 998 28,571 8.14 7000 2753 1.927 14,285 3.93 
3600 2842 1023 27,777 7.89 7100 2752 1.954 14,084 3.88 
3700 2835 1049 27027 7.66 7200 2751 1.981 13,888 3.82 
3800 2829 1.075 26,315 7.44 7300 2751 2.008 13,698 377 
3900 2823 1.101 25,641 7.24 7400 2750 2.035 13,513 372 
4000 2817 1127 25,000 7.04 7500 2749 2062 13,333 3.66 
4100 2812 1.153 24,390 6.86 7600 2749 2.089 13,157 3.62 
4200 2808 1.179 23,809 6.68 7700 2748 2116 12,987 3.57 
4300 2803 1.205 23,255 6.52 7800 2748 2.143 12,820 552 
4400 2799 1.292 22 7222 6.36 7900 2747 2170 12,658 3.48 
4500 27% 1.258 = 22 222 $21 8000 2746 2.197 12,500 3.43 
4600 2792 1.2294 21,739 6.07 8100 2746 2224 12,345 3.39 
4700 2789 1.311 21,276 5.93 8250 2745 2265 12.121 593 
4800 27% 1.338 20,833 5.80 8500 2744 2.332 11,764 %23 
4900 2784 1.364 20,406 5.68 8750 2743 2400 11,428 3.13 
5000 2781 1.391 20,000 5.56 9000 2742 2.468 11,111 3.05 
5100 2779 1.417 19,607 5.45 9250 2741 2.536 10,810 2.96 
5200 2777 1.444 19,230 5.34 9500 2740 2.604 10,526 2.88 
5300 2775 1.471 18,867 5:29 9750 2740 2671 10,256 2,81 
5400 2773 1.497 18,518 5.13 10000 2739 2.739 10,000 2.74 
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TABLE 554.—INDEX OF REFRACTION OF GASES AND VAPORS 533 


A formula was given by Biot and Arago expressing the dependence of the index of refraction 
of a gas on pressure and temperature. More recent experiments confirm their conclusions. The 


formula is 4, — 1 — 


No — 1 un. 
1+at 760’ 





where и; 15$ the index of refraction for temperature ¢, mo for 


temperature zero, a the coefficient of expansion of the gas with temperature, and p the pressure 
of the gas in millimeters of mercury. For air see Table 553. 


(n — 1) 109 
Wave- Wave- 
length Air 0, М Н length Air О 
u ш 
.4861 .2951 .2734 .3012 .1406 .4360 2971 2743 
5461 ‚2936 2717 .2998 .1397 „5462 .2937 .2704 
.5790 .2930 2710 E .1393 .6709 .2918 .2683 
.6563 .2919 .2698 .2982 .1387 6.709 .2881 .2643 
8.678 .2888 .2650 
The values are for 0°C and 760 mmHg 
Kind of Kind of 
Substance light Indices of refraction Substance light 
Асеюпе ees es D 1.001079-1.001100 Hydrogen ....... white 
Ammonia 2... white AE end е” pm 
п EN D 1.000373-1.000379 D 
Ап. D 1000281 Hydrogen sulfide. D 
Benzene ......... D 1.001700-1.001823 Methane ......... white 
Bromine ......... D 1.001132 З Ле D 
Carbon dioxide ... white 1.000449-1.000450 Methyl alcohol ... D 
ы 5 КТІ [) пр ыз Methyl ether ..... D 
: white 1.001500 Nitric oxide ...... white 
Carbon disulfide. 4 D 1/001478-1.001485 ЛИ M c NE D 
: white 1.000340 Мигодеп ........ white 
Carbon monoxide4 White 1.000335 MAE D 
Chlorine ......... white 1.000772 Nitrous oxide white 
Ens D 1.000773 E ч D 
Chloroform ...... р 1.001436-1.001464 Oxygen леш а white 
Cyanogen пе white 1.000834 Ж озу E: Пр 
v WEBB. D 1.000784-1.000825 Ретапе 75 D 
Ethyl alcohol .... D 1.000871-1.000885 Sulfur dioxide ... white 
Ethyl ether ...... D 1.001521-1.001544 E M "D 
Не. D 1.000036 Мао... white 
Hydrochloric 1 white 1.000449 se D 
acid m D 1.000447 
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Indices of refraction 


(n — 1) 103 


N H 
CO2 .1418 
.4506 .1397 
.4471 .1385 
‚4804 .1361 
.4579 .1361 


Indices of refraction 
1.000138-1.000143 
1.000132 
1.000644 
1.000623 
1.000443 


1.000444 
1.000549-1.000623 
1.000891 
1.000303 
1.000297 


1.000295-1.000300 
1.000296-1.000298 
1.000503-1.000507 
1.000516 

1.000272-1.000280 


1.000271-1.000272 
1.001711 
1.000665 
1.000686 
1.000261 


1.000249-1.000259 
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TABLES 556-573.—TRANSMISSION OF RADIATION 935 


TABLE 556.—COLOR SCREENS 


Although only the potassium salt does not keep well, it is perhaps safer to use freshly 
prepared solutions. 


Thick- Grams of Optical 


ness substance center of 
Color mm Water solutions of in 100 cm? band g Transmission 
Red 20 — Crystal-violet, 5BO БЕ С. рсы дрон 
H 20 Potassium monochromate 10. ends sharp at .639u. 
Yellow 20 Nickel sulfate, NiSOQ.-7aq 30. 5919 .614-.574и, 
ы 15 Potassium monochromate 10. 
E 15 Potassium permanganate .025 
Green 2 горат chloride, Са за А .5330 .540-.505и 
Е otassium monochromate | 
Bright blue{ 20 Rouble-green, SF sip SI аа 
5 20 Copper sulfate, CuSO,-5aq 15. 3 з” 


20 Crystal-violet, 5BO .005 (44822 .478-.410д 
Dark blue 20 Copper sulfate, CuSO.: 5aq 15. 


The following list is condensed from Wood's Physical Optics: 

Methyl violet, 4R&- (Berlin Anilin Fabrik) very dilute, and nitroso-dimethyl-aniline trans- 
mits 0.3654. Methyl violet + chinin-sulfate (separate solutions), the violet solution made 
strong enough to blot out 0.4359u, transinits 0.4047 and 0.4048, also faintly 0.3984. 

Cobalt glass + aesculin solution transmits 0.4359y, 

Guinea green B extra (Berlin) 4- chinin sulfate transmits 0.49164. 

Neptune green (Bayer, Elberfeld) + chrysoidine. Dilute the latter enough to just trans- 
mit 0.5790 and 0.5461; then add the Neptune green until the yellow lines disappear. 

Chrysoidine + eosine transmits 0.5790u%. The former should be dilute anc the eosine 
added until the green line disappears. 

Silver chemically deposited on a quartz plate is practically opaque except to the ultra- 
violet region 0.3160-0.3260 where 90 percent of the energy passes through. The film should 
be of such thickness that a window backed by a brilliantly lighted sky is barely visible. 

In the following those marked with a * are transparent to a more or less degree to the 
ultraviolet. 

* Cobalt chloride: solution in water, absorbs 0.50-.53u4; addition of CaCl. widens the 
band to 0.47-.50. It is exceedingly transparent to the ultraviolet down to 0.20. If dissolved 
in methyl alcohol 4- water, absorbs 0.50-.53 and everything below 0.35. In methyl alcohol 
alone 0.485-0.555 and below 0.40и. 

Copper chloride: in ethyl alcohol absorbs above 0.585 and below 0.535; in alcohol + 50 
percent water, above 0.595 and below 0.37џ. 

Neodymium salts are useful combined with other media, sharpening the edges of the 
absorption bands. In solution with bichromate of potash, transmits 0.535-.565 and above 
0.60u, the bands very sharp (a useful screen for photographing with a visually corrected 
objective). 

Praseodymium salts: three strong bands at 0.482, .468, .444. In strong solutions they 
fuse into a sharp band at 0.435-.485u. Absorption below 0.34. 

Picric acid absorbs 0.36—.42u, depending on the concentration. 

Potassium chromate absorbs 0.40-.35, 0.30-.24, transmits 0.234. 

* Potassium permanganate: absorbs 0.555-.50, transmits all the ultraviolet. 

Chromium chloride: absorbs above 0.57, between 0.50 and .39, and below 0.334. These 
limits vary with the concentration. 

Aesculin: absorbs below 0.363, very useful for removing the ultraviolet. 

* Nitroso-dimethyl-aniline: very dilute aqueous solution absorbs 0.49-.37 and transmits 
all the ultraviolet. 

Very dense cobalt glass + dense ruby glass or a strong potassium bichromate solution 
cuts off everything below 0.70 and transmits freely the red. 

Iodine: saturated solution in CS; is opaque to the visible and transparent to the infrared. 
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9536 TABLE 557.—LIGHT FILTERS, NARROW SPECTRUM REGIONS !* 


Filters from the following components: Distilled HzO; Aq. sol. CuSO,:5H;O ; NiSO.: 
76,0 ; Glasses, Corning G 986A, G 586, G980A ; dyed gelatin, Wratten filters 88A, 25, 





61, 49. 
Solution 
Concen- Thick- Wavelengths 
Filter and absorbent tration ness limits 

АКТЕР... ЕЕ: o" .720-1.400 
БАЗИ) пена уз... шы... е 2 ст .720-1.380 
88А’С 986А *_............... т АН 720-1.020 
БРИН Oi Oa. ck et es es 5% 2 ст .590- .690 
6l, ИНЕТЕ. 5% 2 ст .490- .690 
49, м. 5% 2 ст .380- .500 
СООТ OI. 10% 2 ст .330- .430 
G986A, NiSO.7H3O ........ 50% lcm .260— .360 


164 Tones, L. A., Journ. Opt. Soc. Amer., vol. 16, p. 259, 1928. 


* Thickness .32 cm. 


TABLE 558.—NARROW BAND PASS FILTERS * 


Thickness 
Filter range 
Са LAN. onis 5. — 7.5 шт 

B= 70 vus И 5. — 5.8 

ОИ. Во 

4-104 ............. 6. - 8.5 

ДЕШ ее. 7. -12. 

4—105............. 9, -12.5 

Be OZ оаа 9. -13.5 

2-115325. Se 10. -14. 

ЗІП ome 5. – 9. 

ЗЕТОТ сес 6. -10. 

У see. 6.5- 9.5 

D DM а ава 4.- 7 

NTO с 8.8-12 

(E. D. 10. -13. 

7— 85F ........... 5. - 6 

Uo Ane a ы... 2-8 

н AES e 5.5-10 


Wavelength 
limits Max 
.402-.480 и 4304 
.400-.483 .430 
.395-.495 460 
.467-.530 485 
.466—.580 .495 
.483-.570 515 
.528-.573 .550 
.530-.575 .555 
.561-.620 .580 
.565-.670 .590 
.585-.705 .610 
.612-.760 ‚640 
.665-.780 .715 
.710-.900 .750 
.800-1.101 .960 
1.200-2.800 2.100 
1.700-2.800 2.400 


Transmission 
at max 


Transmission 


at max 


14.5 percent 
27.5 


53 


355 


— m pee 
лл сл CN RO GW 
О Ф Ф Фл Фќлќл о 


NAN 


* Corning Glass Works. f Second max at 2.55 with transmission at 5.0 percent. i Second max 


at .605 with transmission at 1.0 percent. 


TABLE 559.—TRANSPARENCY OF WATER 1% 


аше ога ш = Ле р писти n intensity before and after transmission through dis- 
tilled water at 20°C; wavelength АХ їп u. 





b а 
А а А а А а А а А а 

1829 4.7 ‚20 08 40 ‚00080 „54 „00044 ‚70 0058 

1854 1.11 ‚24 ‚0135 ‚42 „00061 .58 .00084 75 028 
1862 ‚86 ‚28 0077 44 ‚00046 ‚60 00197 .80 .024 
.1878 .48 .30 .0064 .48 .00037 .62 .00265 .85 .027 
.1916 ‚20 „34 .0028 .50 .00038 ‚64 00292 „90 .06 
.1935 12 ‚38 ‚0013 „52 ‚00040 ‚68 „00406 ‚95 3 


eee лл 


m b, Tsukamoto, K., Rev. d'Optique, vol. 7, p. 89, 1929. c, Dawson, L. H., and Hulburt, E. O., Journ. 
pt. Soc. Amer., vol. 24, p. 175, 1934. d, Hulburt, E. O., Journ. Opt. Soc. Amer., vol. 35, p. 698, 1945. 
e, Collins, J. R., Phys. Rev., vol. 26, р. 771, 1925. 
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TABLE 560.—SOME BAUSCH & LOMB LIGHT FILTERS * 857 


Percent transmission for a number of wavelengths. All values are for a thickness of 
3.5 mm unless otherwise noted. The values given include surface reflection losses. All 
glasses except the sharp cutting reds and yellows will meet the standard value at 3.5 mm 
within a thickness range of 3.0 to 4.0 mm. The sharp cutting reds and yellows will meet the 
standard value at 3.5 within a thickness range of 2.0 to 6.0 mm. 


Filter .40ш .45 „50 895 .60 .65 .70 Remarks 
N=) eee: 2 80 64 69 69 68 68 79 
т... 1 58 25 33 36 35 38 76 
NE a 36 7 12 13 12 13 52 
ШЕСИ 27... А 2 715 41 „08 LGS 0 at .43u ; 9.8 at .68u 
КЕРИ. T Т; 25 E 28 86 87 0 а%.58ш 
К-2.... MR T К. T 1 69 85 84 0 а(.544; 35 а(.59 
В ааа Е s E 27 m 2 87 89 Oat .59и 
Ко ОЛ ^ m i m 84 86 83 54% at .58u 
Ва "T т - s Ж Ке 81 44% at .67u 
Құзар e x aes Et C ~ 68 89 89 89 Oat 5lu 
QUEE Nen Hs 27 56 74 82 84 85 86 
NI) 5... зар - 1 73 87 90 89 87 Oat .44u 
(е е онн... к 3 7 1 T if = О аё .41 апа .5би 
EUM И... s 1 23 54 22 6 8 Oat 43u 
ВСЕ... 8 36 64 68 41 11 2 4 0 at .69u 
DE S. er 87 82 46 33 14 15 68 
Бей A 82 59 А 2 dic s 30 Oat 58 and .66u 
В... 42 11 T M m = - Oat 48u 
в... 91 86 63 53 35 38 81 
ЕЗІЛЕ... 84 84 59 44 23 19 36 


* Adapted from data furnished by J. W. Forrest, Bausch & Lomb Optical Co. 
ООН. 


TABLE 561.—SPECTRAL TRANSMISSION OF SOME RED PYROMETER GLASSES 


Wavelengths д 
Thickness 


Glass mm .60 „61 .62 .63 64 .65 .66 67 .68 70 .72 274 7,6 
Jeus а we eee 18 25.0 5205 72.3. 75.5 785 805.01 815 
ена 2745.227. D 2.0425 05 10.5 13.8180 "23 26.0 335 39514457 47.5 


Corning high trans- 
mission red: 
150 percent... 5 1 47. 38.5 643 722 765 793 80.8 87.5 80.8 755 770” 75.0 
50 percent... 5 ГІ 55 445 065 74.2 765 778 775 763 759 741 
28 percent... 6 2.0 240 670 738 768 76.2 75.1 73.2 718 


pn—————————————————————————————————————————————————————————————————————————————À— ——— 8€ 


TABLE 562.—THE EFFECTIVE WAVELENGTH л, ОЕ CORNING 50-PERCENT 
RED PYROMETER GLASS * 5 mm THICK FOR SOME TEMPERATURE 
INTERVALS 1% 


Temperature Temperature 
interval Хе interval Хе 

1300-1700°К .6602 и 1827-1300°K ‚6601 
1300-2100 ‚6599 1827-1500 „6598 
1300-2500 .6596 1827-2100 .6593 
1300-2900 .6594 1827-2500 .6589 
1300-3300 ‚6592 1827-2900 6587 
2300-1300 .6596 1827-3300 .6585 
2300-3300 .6581 1827—3600 .6584 


* See Table 77. | | | 
1066 *"Temperature, Its Measurement and Control," a symposium prepared by the American Institute 
of Physics, p. 1115, Reinhold Publishing Co. 
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TABLE 563.—ULTRAVIOLET TRANSPARENCY OF ATMOSPHERIC COMPONENTS 
== 1, 107°, d in cm 0?C, 760 mmHg. 


MÀ € € M). M a n S M ——— ти 





Oxygen Oxygen Ozone Ozone 

.1900и а = .0014 1864 a= .0089 .2378и 100.5 2304 50 290% 16.6 
‚1920 0007 .193 0015 .2482 141 ‚240 95 .300 4.6 
.1929 ‚0022 2537 1488 250 120 .310 1.23 
‚1947 0007 О», аїг 2652 123 260 120 .320 525 
.1950 .0021 .2804 45.6 .270 9]  .330 .093 
.1955 .00075 Air .2967 6.9 .280 46 .340 024 
.1962 0020 1864 a = .0019 .3125 96 
‚1970 „0007 .3341 .07 Nitrogen 
.2000 .00043 Water .186 == .000478 
.2050 .0003 .1875и а = .0055 
.2100 .0002 .1900 .0026 

.1950 .0012 

.2000 .0007 


Air at sea level (Washington), 400 m practically no absorption \ > .3u; < .28u about that 
due to molecular scattering. Air transmission reduced by 1/100: 22 km at .28u; 5 at 25u; 0.57 at 
22h; 20 km at .205u. 


Atmospheric transparency for ultraviolet 


Wavelength, 4....... 20 3530 31 32 33 34 35 37 39 41463 45 
Percent transmitted .. 0 9 0 20. 27. 33. 38. 46 51. 56 60. (04 


TABLE 564.—TRANSMISSION OF DYESTUFF SOLUTIONS OF 
“ADJUSTED” CONCENTRATIONS * 


The table gives the percentage transmittances (column 5) at various wavelengths, of the 
dye solutions, dissolved or buffered as indicated in the third column. All solutions are ad- 
justed to that concentration which gives unit density (10-percent transmittance) at the 
wavelength of maximum absorption, except for those solutions (marked * in column 4) 
that have the maximum absorption in the ultraviolet range. The wavelength of maximum 
absorption is given in column 2. In column 3 is given the serial number of the dye as 
listed and described in the Colour Index of the British Society of Dyers and Colorists 
(1924). Dyes having no Colour Index number are listed by the "prototype number" 
(abbreviáted Pr.) of the 1949 Technical Manual and Year Book of the American Associa- 
tion of Textile Chemists and Colorists, p. 147. The names assigned to the dyes are not the 
names used by the individual American manufacturers but are older names assigned by 
the Year Book to each Colour Index number, p. 237 ; or to the "foreign prototype," p. 261. 

In column 4, A stands for acid buffer (pH = 4.6), K for alkaline buffer (pH = 9.3). 
In this column, E stands for ethanol (ethyl alcohol) used as solvent, and Bz for benzene. 
Mis A or K are used, the solvent was water. N stands for “no buffer," with water as 
solvent. 

In some cases two or more sets of transmissions correspond to a given Colour Index 
number and name. For example, C.I. No. 326 corresponds to 62 dyestuffs listed as on the 
American market in 1939, and these may be classified as of several distinct types of Benzo 
Fast Scarlets and Benzo Fast Oranges. In less striking cases, the different types result 
from uncontrollable variations in manufacture. In such cases, the transmissions should be 
considered as representative rather than as specifications of the dye. No manufacturer 
would guarantee the transmissions within a narrow range, though all data are accurate 
measurements on actual representatives of at least one manufacturer's products. Trans- 
missions vary somewhat with the exact pH of the buffer and with the characteristics of 
the instrument used for measurement, especially with the slit width. The present data 
ee the General Electric recording spectrophotometer, which has a 10-micron 
shit width. 

From the data of the table, approximate data for stronger solutions, whose transmission 
at the wavelength of maximum absorption is only 1 percent, may readily obtained by 
means of a table of squares. Such solutions are twice as concentrated as those of the table. 
Their transmissions at any given wavelength are approximately the squares of the tabu- 
lated Er ion. These relations depend on the validity of Beer’s Law for the solution 
in question. 


* Data furnished by I. H. Godlove, General Aniline & Film Corporation. 


(continued) 
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TABLE 565.—TRANSPARENCY OF VARIOUS SUBSTANCES 545 


Alum: Ordinary alum (crystal) absorbs the infrared. 
Metallic reflection at 9.054 and 30 to 404. 


Rock salt: Rubens and Trowbridge give the following transparencies for a 1 cm thick 
plate in percent: 


А 9 10 12 13 14 15 16 17 18 191 207 923 04 
% 995 995 995 976 931 846 661 516 245 96 6 0. 


Pfluger gives the following for the ultraviolet, same thickness: 28044, 95.5 percent; 231, 
86 percent ; 210, 77 percent ; 186, 70 percent. 
Metallic reflection at 0.110, 0.156, 51.2, and 874. 


Sylvite: Transparency of a 1 cm thick plate: 
А 9 10 11 12 13 14 15 16 17 18 19 20770274 
% 100. 98.8 990 995 995 975 954 936 92. 86. 76. 58. 15. 


Metallic reflection at 0.1144, 0.161, 61.1, 100. 


Fluorite: Very transparent for the ultraviolet nearly to 0.1ш. 
Rubens and Trowbridge give the following for a | cm plate: 


А Ви 9 10 11 124 
% 84.4 54.3 16.4 1.0 0 


Metallic reflection at 244, 31.6, 40ш. 


Iceland spar: Merritt gives the following values of k in the formula i = ie™t (din cm): 
For the ordinary ray: 
А 102 145 172 207 21 230 244 2.53 260 2.65 274; 


Ё 0 0 .03 .13 74 192 3.00 192 121 174 2.56 


А 283 290 295 304 330 347 362 380 398 435 452 4.83, 
Ё 1.32 70 180 471 227 194 9.6 18.6 o 66 143 641 


For the extraordinary ray: 
À 2.49 287 300 328 3.38 359 376 390 402 441 4.67 
Ё 14 08 43 1.32 89 179 204 117 80 107 2.40 


А 4.91 504 534 5.50u 
k 125 213 441 128 
Quartz: Very transparent to the ultraviolet; Pflüger gets the. following transmission 
values for a plate 1 cm thick: at 0.2224, 94.2 percent ; 0.214, 92; 0.203, 83.6; 0.186, 67.2 
percent. 


Merritt gives the following values for & (see formula under Iceland spar): 
For the ordinary ray: 


А ОИ 293 NE OS 307 53.1207 3:38 257 жі92. 396 64112 10а 
k .20 47 57] ol .20 45 1246 161 204 341 7.30 


For the extraordinary ray: 
2.74 289 300 308 3.26 3.43 3.52 3.59 3.64 3.74 3.91 4.19 4.36ш 
k 0 ПЕ 209911 Sle 76 188 183 162 222000540! 


For Х > 7 џ, ђесотез opaque, metallic reflection at 8.50u, 9.02, 20.75-24.4ш, then trans- 
parent again. 


TABLE 566.—TRANSPARENCY OF WATER VAPOR (steam) 


Wave- Absorp- Wave- Absorp- Wave- Absorp- 
length Steam tion length Steam tion length Steam tion 

954 109 ст 7% б.5и 32.4 ст 80% 20u 32.4 80% 
115 А 14 11 104 15 22 P. 22 
1.36 d 75 13 104 35 26 " 30 
1.84 С 84 15 104 55 30 i 50 
2.64 E 100 18 32.4 55 34 E 80 
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TABLE 567.—TRANSMISSION OF RADIATION THROUGH MOIST AIR (percent) 


The values of this table are of use for finding the transmission of energy through air contain- 
ing a known amount of water vapor. An approximate value for the transmission may be had if 
the amount of energy from the source between the wavelengths of the first column is multiplied 
by the corresponding transmission coefficients of the subsequent columns. The values for the 
wavelengths greater than 18 are tentative and doubtful. 


Range of Precipitable water in cm 
wavelengths -------- 
и m 001 .003 .006 .01 .03 .06 .10 .25 .50 1.0 20 6.0 10.0 
45 to 1.0 — - -- 100 99 99 98 97 95 93 90 83 78 
1.0 1225 — — - 99 99 98 97 95 92 89 85 74 69 
1.25 1.5 - — — 96 92 84 80 66 57 51 4 51 28 
1.5 2.0 -- -- — 98 97 94 88 79 73 70 66 60 57 
n2 3 96 92 87 84 77 70 64 — — -- — -- -- 
3 4 95 88 84 78 /2 66 63 - — - — -- - 
*4 5 92 83 76 71 65 60 53 - — — - - -- 
5 6 95 82 75 68 56 51 47 35 — — — - 
6 7 85 54 50 31 24 8 4 3 2 0 0 0 0 
7 8 94 84 76 68 57 46 35 16 10 2 0 0 0 
8 9 100 100 100 99 98 96 94 65 — -- — -- -- 
19 10 100 100 100 100 100 100 100 100 100 100 10 — — 
110 11 100 100 100 100 100 100 100 100 100 100 10 - — 
11 12 100 100 100 100 100 99 98 96 95 93 - - — 
12 13 100 100 100 100 99 99 97 86 82 — — — — 
*13 14 100 100 100 99 97 94 90 80 60 — — — -- 
*14 15 — -- 96 93 80 75 50 15 0 0 0 0 0 
#15 16 — — — — 70 55 40 0 0 0 0 0 0 
16 17 — — -- — - 50 20 0 0 0 0 0 0 
17 1 -- - — — — 25 10 0 0 0 0 0 0 
18 oo 98 94 89 82 45 0 0 0 0 0 0 0 0 


* These places require multiplication by the following factórs to allow for losses in СО; gas. Under average 
sea-level outdoor conditions the CO, (partial pressure = 0.003 atm) amounts to about 0.6 g/cm’. Paschen gives 
3 times as much for indoor conditions. 

2u to 34, for 2 g in m? path (95); for 140 g in m? path (93); 
4 “5 MEA аламы үң ; " е е4 4 ?€* (70): more CO; no further effect; 


13 “ 14, slight allowance to be made; 
ic Ж а. 80 g in m? path reduces energy to zero; 


_t These places require multiplication by 0.90 and 0.70 respectively for one air mass and 0.85 and 0.65 for two 
air masses to allow for ozone absorption when the radiation comes from a celestial body. 


TABLE 568.—INFRARED TRANSMISSION OF VARIOUS 
SUBSTANCES (percent) !* 


204 30 40 50 60 70 80 90 100 110 120 130и 


Fused quartz ..... .àmm 0 —70—2 20 35 51755357529 2707 
me "А m 1.0 “ 0.0 0 0 0 0 5 693 22.127 
Crystal MB, 1.0 “ 0 І 7 42 5 62 59 72777 78 77 
Sulfur, rhombic .. 9 = 30 40 10 6 39 37 52 58 51 5 58 38 
Paralon ...... 20“ 19 35 42 51 58 64 65 75 85 79 76 70 
Mica ЧИ... би 6. 15 50 53 460 5 50 210. "27 50 (55) (59) 
СеПорћапе ....... 40ш 0 16 22 23 24 24 23 23 29 30 30 42 
Celluloid ........ lu 92 93 95 96 96 97 97 98 98 99 99 99 
Black paper ...... Imm .. .. .. 2 5 Чоло 22 23 26.826 5530 
Camphor soot .... * 60 76 79 80 81 82 84 85 86 87 89 90 
Pfund Bi black... Ж 30 40 44 48 50 40 45 58 60 57 60 63 
Lampblack, 
water glass .... 8 0 (1) (3) аа 20.26 30-25 50 30 


157 Barnes, Phys. Rev., vol. 39, p. 562, 1932. 
* On celluloid ly thick. 


SMITHSONIAN PHYSICAL TABLES 


547 


TABLE 569.—INFRARED TRANSMISSION, IN PERCENT, OF A NUMBER OF 
MATERIALS !e 


Thallium 
bromide- 
Magne- Potas- К iodide 
ead sium sium Silver Thallium (58% I, Thallium Cesium 


L 
Thick- chloride oxide chloride chloride bromide 4276 Br) chloride Sapphire bromide 
ness 0 ——————————— 


in mm 6 .47 6 6 6 8 6 1.17 7 
À (a) 
.40 Ер Ж 2 T n Б. Ж 71.5 
‚60 ES 2 - T 2% Е м ға 778 
1 ч. m a om zd T m n 79.8 
2 88 73 86.5 82,0 
3 87 76 89.0 82.0 
4 89 77 89.2 82.0 
5 90 79 82.5 82.0 
6 89 80 50.0 82.0 
7 84 a 80 s м 2 4.0 83.0 
8 25 78 T 80 n a s a 83.0 
10 € 11 m 80 i e P 25 83.5 
12 AT as M 80 T 76 Ке г 84.0 
14 82 T. m 80 E. 9 Ж - 84.5 
16 82 - M 82 T К, E г 85.0 
18 80 bs 87 82 22 E > 56; 85.0 
20 77 7 72 78 ae - R А 85.0 
22 69 m 37 62 61 к, 57 zu 85.0 
24 52 нр 12 46 61 Be 38 ae 84.0 
26 19 - T 27 60 66 18 on 84.0 
28 А № m 57 62 6 83.0 
30 50 61 83.0 
32 39 58 83.0 
34 33 54 82.0 
36 26 51 80.0 
38 = 76.0 


198 Data from E. K. Plyler, Nat. Bur. Standards Journ. Res., vol. MT 125, 1948, and E. K. Plyler, National 
Bureau of Standards, private communication. Cesium bromide data by E. K. Plyler and F. A. Phelps. 


TABLE 570.—INFRARED TRANSMISSION OF GASES (percent) 1% 


Length of cell, 4 inches. 


Material Pressure 6.7 и 8.7 и 20.75 22.9 и 27.34 29.4u 32.8џ 
МЕЊАО. 760 mmHg 24 26 79 93 83 82 62 
СЕ. 760 95 92 99 101 101 100 98 
Е 760 97 98 98 97 92 90 83 
О: 760 98 5 7 58 100 100 96 
СН a 96 65 97 102 99 100 98 95 
CCR ea. 114 95 99 97 99 99 99 91 
СКИ 361 30 98 100 86 98 99 96 
СНС. 200 93 90 99 98 98 97 97 
(GHO .. 526 17 6 61 45 69 71 61 


19 Strong, Phys. Rev., vol. 37, p. 1565, 1931, Restrahlung. 


TABLE 571.—INFRARED TRANSMISSION OF SOLIDS (percent) 





Material Description 6.74 | 8.7u 20.754 22.94 27.34 29.44 32.8, 
Lacquer film ........ +.55u thickness 96 93 97 98 99 99 100 
Меса. Ш... 10u thickness 83 22 19 00 35 42 44 
Soot on lacquer...... Opaque to visible 25 22 67 53 60 67 60 
Quartz, fused ....... 10z thickness 86 02 01 03 51 55 68 
(5142562 ER ore За thickness 93 07 12 14 48 51 56 
СеПорћапе .......... 25и їмсКпе$$ 33 04 04 01 20 25 26 
МО по Па Deposit from burning 

Mg ribbon 88 86 04 02 90 93 87 
"OI NINE хл Deposit from Zn arc 99 80 15 05 93 79 80 
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548 TABLE 572.—INFRARED REFLECTION OF SOLIDS (percent) 





Description of reflector 22.9ш 32.84 
Deposit of MgO from burning Mg ribbon 7722222 0 0 
Јес о g-MgO S. а Eu i а ни аи а sete 80 33 
МИРЕ... с Т 32 a 
Pa3raff о ое. 04 
Бе асе оп таре О е 5 09 

Soot coating e e a a 43 48 
Silver covered with) 7:0) coating OOOO то 5 
Optical black 007 ИЕ ee 31 E 
Golditoil'blackened with bismuth. ае е >19 
ЕВЕ | 1.5% СаЕ; дерозце Бу еуароганоп....................... 10 
IE 1.54 CaF: deposited by evaporation. 295... eer ete rns 13 





TABLE 573.—ABSORPTION OF VARIOUS MATERIALS USED FOR 
BLACKENING RECEIVERS FOR MEASURING RADIATION OF 
DIFFERENT WAVELENGTHS? 


Soot from a candle, acetylene, or camphor flame has been used and was found by Pfund 
to be very good to wavelengths about 1.25; beyond this to longer wavelengths the soot 
becomes transparent until at about 114, for a film about as thick as will work satisfactorily, 
it transmits about 50 percent of the incident radiation. 

Very finely powdered metal such as zinc (4 parts Zn and 1 part Sb) and platinum were 
found to be very good. Even for wavelengths of about 14u& the Zn powder absorbed over 
98 percent of the radiation and out to 51u the absorption was about 85 percent. 

For longer wavelengths powdered NaCl, KBr, TICs, and some other salts were found to 
be very good, as shown in the table. 

The figures given in the table for radiation absorption are relative, those with the highest 
values being the blackest. For instance, India ink and tellurium powder are the best 
absorbers for radiation shorter than 5u while for longer wavelengths than 50и powdered 
glasses and CuSO, are probably the more nearly black. 

The absorptive power is an integrated effect over the entire far infrared. Litharge, 
powdered glass, white lead, copper sulfide, celestite, and red phosphorus were the best 
absorbers beyond 50u. A very thin coat of the absorbing material in most cases was an 
inefficient absorber of the extreme infrared waves. A very poor absorbing material in 
most cases such as copper or platinum will absorb if the surface is sufficiently rough. 

For radiometers, the absorbing material is better when mixed with turpentine and 
alcohol and painted on the vanes. For thermocouples, the absorbing material is better if it 
is mixed with lacquer. Sixty-fold sensitiveness and better steadiness comes from evacua- 
tion. 

The high absorption of glass in the near infrared suggests its use as a source of radiation. 
Two Pt wires separated by 4 mm and covered with glass were heated by an electric cur- 
rent; the hot portion of the glass between the wires served as a source of extreme infrared 
radiation. A convenient method of filtering out the near infrared is to grind the windows 
with emery so that the pits are about 4u deep. The apparatus may be adjusted with visible 
light by covering the rough surface with turpentine, 


Radiation Radiation 
absorbed for absorbed for 
Substance лЛ<5и A>50u Substance А<5ш А> 50и 

Биа е 22... 7 10.8 4.3 Silver sulfide .......... 12.8 4.4 
Greunmdlelass а 11.9 4.7 Copper sulfate crystals 
Powdered glass ........ 11.7 5.0 from solution ........ 4.1 
White lead 2 Pb Wellsbach mantle 

СО: Pb(OH); қа ЖМ 14.9 4.0 materiale СЕЎ 8.9 31 
White lead in lacquer... 14.3 4.4 Platinum black Е 18.2 4.4 
Red phosphorus ........ 18.3 5.0 Tartaric acid and 
Red phosphorus from sugar ЕР... 16.0 3.9 

a match Вох... 17.7 5.1 а 12.5 3.8 
Celestite, powdered Water glass ........... 12.1 27 

п ак... 14.7 4.6 Tellurium, powdered ... 192 3.3 
Brucite, powdered India е Е... 18.8 3.8 

МЕШЕН): И. ЖЕ... 11.4 4.2 мап... 8.6 3.0 
Angelsite, powdered Castor olk Е... 8.8 28 

РБ Wee... sud 14.2 42 о ..2- 1162 S 
Copp sulfide ame... 17.1 5.2 Turpentine m.. wn. 8.1 2 
Copper oxide .......... 13.8 44 Clean receiver ......... 2.9 2 





10 Cartwright, Phys. Rev., vol. 35, p. 415, 1930; Pfund, Rev. Sci. Instr., vol. 1, p. 397, 1930, and 
Journ. Opt. Soc. Amer., vol. 23, p. 375. 1933: 
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TABLES 574-592.—REFLECTION AND ABSORPTION OF 
RADIATION 


According to Fresnel, the amount of light reflected by the surface of a trans- 


l f sin? (1 — 5 (1 — | 
parent medium = + (4 + В) = Пл arc} pis the 


amount polarized in the plane of incidence; B is that polarized perpendicular 
to this ; ? and ry are the angles of incidence and refraction. 


TABLE 574.—RADIATION REFLECTED WHEN ;—0° OR INCIDENT LIGHT 
IS NORMAL TO SURFACE — (n— 1)*/(n + 1)? 


(percent) 

n (А +B) n }СА + В) п (А + В) n А + В) 
1.00 .00 1.4 2.78 2.0 11.11 5 44.44 
1.02 .01 1:5 4.00 2 29 14.06 5.83 50.00 
1.05 .06 1.6 5.33 2:5 18.37 10. 66.67 
1.1 223 1.7 6.72 275 22.89 100. 96.08 
1.2 ‚83 1.8 8.16 3. 25.00 ос 100.00 
1.3 1.70 1.9 9.63 4. 36.00 

TABLE 575.—RADIATION REFLECTED WHEN n— 1.55 
A a * 

$ r A B dA ї dB t (А +В) A+B 
0 0 0 4.65 4.65 ‚130 ‚130 4.65 0 
5 2194 4.70 4.61 ‚131 ‚129 4.65 1.0 
10 6 25.9 4.84 4.47 2135 .126 4.66 4.0 
[5 9 36.7 5.09 4.24 ‚141 121 4.66 9,1 
20 12 44,8 5.45 3.92 ‚150 ‚114 4.68 16.4 
25 15 49.3 5.05 3.50 .161 .105 4.73 25.9 
30 18 49.1 6.64 3.00 .175 .094 4.82 37.8 
35 21 43.1 7.55 2.40 .191 .081 4.98 517 
40 24 30.0 8.77 1.75 .210 .066 5:20 66.7 
45 27829 10.38 1.08 5220 049 5.73 81.2 
50 29 37.1 12.54 .46 .263 .027 6.50 92.9 
55 31 54.2 15.43 05 .303 .007 7.74 99,3 
00 33 58.1 19.35 21/2 .342 —.013 9.73 98.8 
65 35 47.0 24.69 1:13 „2/5 —.032 12.91 91.2 
70 37 19.1 31.99 4.00 .400 —.050 18.00 77.7 
75 38 32.9 42.00 10.38 .410 —.060 26.19 61.8 
80 39 26.8 55.74 23.34 .370 —.069 39.54 41.0 
82 30 39 45.9 64.41 34.04 „320 —.067 49.22 30.8 
85 0 39 59.6 74.52 49.03 .250 —.061 61.77 20.6 
86 0 40 3.6 79.02 56.62 .209 —.055 67.82 16.5 
87 0 40 6.7 83.50 65.32 ‚163 —.046 74.56 12.4 
88 0 40 8.9 88.88 75-3] .118 —.036 82.10 8.3 
89 0 40 10.2 94.28 86.79 .063 —.022 90.54 4.1 
90 0 40 10.7 100.00 100.00 .000 —.000 100.00 .0 


Angle of total polarization — 57? 10'.3, А — 16.99. 


* 'This column gives the degree of polarization. T Columns 5 and 6 furnish a means of determining 
A and B for other values of п. They represent the change in these quantities for a change of n of 0.01. 
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TABLE 576.—REFLECTING FACTOR OF POWDERS (WHITE LIGHT) 


(percent) 


Various pure chemicals, very finely powdered and suríace formed by pressing down 
with glass plate. White (noon sunlight) light. Reflection in percent. 


Aluminum oxide .............. 83.6 Robhellezsalt о eee 79.3 
Шашипт впИаїе_................ 81.1 чапса раса ыы... „ш ы 81.1 
КЫЛК Ку 2222. A 81.6 $ойїшт сагһопа{е .............. 81.8 
оС uu ed esas vas 83.2 Sodium chloride ........Е..... 78.1 
Calcium сагђопаје ............. 951 Sodium sulfate 5... eos 779 
ШС ас .................` 81.5 а о. 80.3 
Magnesium carbonate .......... 86.6 Sugar оо a 87.8 

n : (block)... 94—971 Шатансас и 79.1 


Magnesium oxide (6 mm. thick). 98*f 


* The smoke of magnesium turnings freely burning in air and deposited on a satisfactory base forms 
a uniform fine-grained diffusing surface of high reflectance. This oxide should be deposited so as not 
to be affected by the heat from the burning Mg. A satisfactory base may be Al, silver-plated Cu, block 
porcelain. The oxide adheres better to depolished surfaces. Surfaces of high and uniform reflectance 
throughout the spectrum are best. t Revised values. 





TABLE 577.—VARIATION OF REFLECTING FACTOR OF SURFACES 
WITH ANGLE (RELATIVE VALUES) 


Illumination at normal incidence, 14-watt tungsten lamp, reflection at angles indicated 
with normal. 


Angle of observation 0° 1:3 3° 5° 10° 15° 30° 45° 60° 
Magnesium carbonate block....... 88 - — .88 .88 87 83 72 68 
Magnesium oxide ............... 80 - — 80 80 80 77 75 66 
Matt photographic paper......... 78 — — 78 78 78 78 76 .72 
Wines blotter Л... ............... 76 — — 76 76 76 73 70 47 
Potopal, ргоцпа.......-......... 69 69 69 69 60 469 .68 66 44 
Flashed opal, not ground......... IS 11.3 11.3 ОИ 22 220) 20 RESTO 
(јаз пе стонпа. ...... 9 ee 29 29 20 29 27 20 14 BER 
Glass, coarse ground ............. 23 22—21 20019 О ТИСА 
Mattevarnish on foil.... 9$... 83 — 78 72 62 49 28 21 16 
Mirror with ground face......... 4.9 -- — 455 3.86 303 .78 .42 .35 


The following figures, taken from Fowle, Smithsonian Misc. Coll., vol, 58, No. 8, in- 
dicate the amount of energy scattered on each side of the directly reflected beam from a 
silvered mirror; the energy at the center of the reflected beam was taken as 100,000, and 
the angle of incidence was about 3?. 

Angle of reflection, 3° +...... 0 8 10° 15’ 20 30 45 60 100 
ЕЛЕ... 100,000 600 244 146 107 66 33 22 M 


Wavelength of max. energy of Nernst lamp used as source about Zy. 


TABLE 578.—ULTRAVIOLET REFLECTING FACTOR OF SOME METALS” 





.250ш .300 .350  .400 450  .500 .550 .600 
.43 45 


Aluminum, cast polished......... 2 .54 .62 .68 272 ‚73 ‚74 
Шш rolled. 0 aa 21 .28 .34 41 ‚46 „50 .53 .56 

О ИИИИРИР НИИТИ .30 137 .44 .50 i53 .57 .58 .59 

Тиропвһеа”.................... .33 .38 .45 152 .60 .67 72 ‚73 

Шака _..................... 24 .31 44 46 46 46 .46 .46 
s {агпї1$һед їо........... .20 .26 232 


171 Coblentz, Stair, Nat. Bur. Standards Journ. Res., vol. 4, p. 189, 1930. 
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TABLE 579.—PERCENTAGE REFLECTION FROM METALS, VIOLET END OF 
SPECTRUM 1% 


Mavelength in uH. ore .05 
Ni electroplated ee eerca e 
Vac. ШЕ е... 1. 


Ар шп 7/0 ШЕ у. ль. ве 
ие (Со, Ст, Мо)............. 


Stainless steel, 13% Cr 


Ооо. ИЕ. а, 


Speculiim ео: p 
Beryllium (96.792) се. ...... 
Chromium on steel............... 


46 
69 


. • « • • • с • • • • «4% 





53 
63 


67 
65 


MOTT IS 20 


79 
71 


25 50 
40 44 
48 42 
30 16 
46 49 
40 47 
43 4 
31 41 
84 87 
78 82 


172 Coblentz, Stair, Nat. Bur. Standards Journ. Res., vol. 2, p. 343, 1929. 


TABLE 580.—PERCENTAGE REFLECTING FACTOR OF DRY POWDERED 


PIGMENTS 


The total reflecting power depends on the distribution of energy in the illuminant and is given 
in the last three columns for noon sun, blue sky, and for a 7.9 lumens/watt tungsten filament. 


Spectrum color е 

еї 

Wavelength in ш .44 
American vermilion... 8 
Venetian red ........ 5 
Tuscani red 7 
Indianred а... 8 
Burnt sienna ........ 4 
Raw siennal ... œ.. 12 
Golden ochre ........ 22 
Chrome yellow ochre.. 8 
Yellow ochre ........ 20 


Chrome yellow medium 5 


Chrome yellow light.. 13 
Chrome green light... 10 


Chrome green medium 7 
Cobalt blue 222... 59 
Ultramarine blue ..... 67 


сл 


JI JC > 00 сл ел О 


Сгееп 


DC — 


24 


592 


Yellow 


‚56 


Orange 


СА 
сл 
— 
A 
OO OOWN Sky light 


Tungsten 
lamp 


к-і ісі мы шы 
= DO Why 


13 





TABLE 581.—INFRARED DIFFUSE PERCENTAGE REFLECTING FACTORS 
OF DRY PIGMENTS 


Wavelength Ф 9 Q 

іп ш о“ ог О 

(60% 3 — 27 

95 * 4 24 45 

4.4 14 15 33 
8.8 13 — 

24.0 6 4 8 


СЛ РО 


51 
26 
10 


о љ а 25) Без 


OA | = РЬСгО, 


* Nonmonochromatic means from Coblentz. : 
A suríace of plate glass, ground uniformly with the finest emery and then silvered, used at an angle 
of 75°, reflected 90 percent at 4u, approached 100 for longer waves, only 10 at 1и, less than 5 in the 
visible red and approached 0 for shorter waves. у р 
for transmitted energy when roughened merely by breathing on it. In both cases the finer the surface, 
the more suddenly it cuts off the short waves. 
ee eS А акне 
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Similar results were obtained with a 


| X Tho: 


10 


00 00 
лсо оо ZnO 


onal R Meo 


соль Х | 22 Сао 


го оо оо 
олелеб ех ZrO: 


о љ 292 Месо; 
„үа 
ТЕМ 


White lead 
paint 


late of 


Zn oxide 
paint 


rock salt 


952 


te tw bn bu Go by i 
оого OS Wavelength, и 
Э бо с С бо m 


.385 
.420 


Со Ка С СА Сл щл A 
сә > м ФО сл Ф сол 
© See Cac) 


ь ~ юмс Һс о. 
СЭ СО СО СО Со СО СӘ Ср Сл СО 


— 


TABLE 582.—REFLECTING FACTOR OF METALS 


Perpendicular incidence and reflection (See also Tables 578, 579, 589) 


The numbers give the percents of the incident radiation reflected. 


2^ i 

"us = 

2 fa = $ 

4 T = an v с ES 
i n i м et 54 к= 
T % ыл 270 455 5 
< 5 а am P = 
на 3 
2 == co 22-5: 
m © @с\ Зе 55 EL 
— — 670 358 299 378 
= — 706 37.1 37.7 42.7 
— — 722 372 417 442 
— — 755 39.3 — 452 
- -R 
— — 812 433 510 488 
- — 83.9 44.3 531 496 
— — 833 472 564 566 
85.7 728 834 492 600 594 
86.6 70.9 83.3 49.3 63.2 60.8 
882 712 827 483 640 62.6 
88.1 69.9 830 47.5 64.3 64.9 
89.1 71.5 827 51.5 65.4 66.6 
89.6 72.8 83.3 549 66.8 68.8 
— — 843 631 — 696 
-- — 841 698 70.5 72.0 
= — 851 791 750 786 
— — 86.7 82.3 804 83.5 
- — 874 85.4 862 887 
- -- 887 871 885 911 
= — 89.0 87.3 89.1 94.4 
- — 90.0 886 901 94.3 
— — 90.6 90.3 922 95.6 
— — 9027 902 92.9 95.9 
— — 922 90.3 93.6 972 


TABLE 583.—LONG-WAVE ABSORPTION BY GASES 


Copper 4 
electrolytically deposited 
| NAN Steel 
i tempered 


күлү 
бос) зг ус хо un 


Sowenc| || | | | 
A 
мел | o 


= ль 
Э Ф Gn Gn C9 OO 


О ЮО бо бо оо мї МЧ СА Сл сл оп сл сл ел ел Сл 
SURISIDONOOOOUo WOoRBGc SU 
CO Оо ммо оо о моо н Ф СА ДА + У 90 4 МО 


ШЕЕ ЕГШ 4 


P 

5 = 

= > 

> ч 

a © 

e E> 

~ = = e 
‘O о А: $ 
25.9 33.8 
243 38.8 
25.3 39.8 
249 414 
27.3 43.4 
28.6 45.4 
327 518 
37.0 54.7 
43.7 58.4 
479 611 
71.8 642 
80.0 66.5 
83.1 69.0 
88.6 70.3 
90.1 72.9 
938 77.7 
95.5 80.6 
971 888 
973 91.5 
970 935 
98.3 95.5 
98.4 95.4 
98.4 95.6 
97.9 96.4 


ЕС 


electrolytically deposited 


с» 
осо СОЯ 
m NO СМ oo c CO 


СІ NN 
4>~ СУ С) = WD 


оо мМ с о DOD 


Unless otherwise noted, gases were contained in a 20-cm long tube. 


Percentage absorption 


234 52ш 110ш 
100 100 100 
100 996 99.5 
100 100 100 
226 769 127 
100 100 100 
100 100 94.1 
99.6 116 5.4 
100 96.8 98.4 
— 94 99 
100 97.8 100 


Long X, 
Hg lamp 
Fil- 
tered, 
3l4u 


100 100 


Gas 
МЕ: 7 
CE а 
С.Н: ee 
С.Н; а 
Се... 
СНО . 
СНоо. 
СЫН». 
CH:Cl . 
H;O* 


Pressure, cmHg 


„76 


~ 
сә 
Е 


97.8 
85.4 
26.8 
661 
98 

39.6 


* Steam 100?C passed through tube 40 cm long, 150?C; 0.06 cm ppt. H5O. 


f Pentane vapor, pressure 36 cmHg. 
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94 
87 


96.4 


100 
5 
46 
44 
100 


5 99.2 43.3 
99.2 100 
97. 5 
92.8 100 


53 
.4 


4 


.5 


7 


110д 


100 
58 
34 
88.8 

100 
19.6 


Brass 


ovo 
KRGGRARES | | | 
© бо Ф омм 


(Trowbridge) 


DO Ge 


00 00 00 00 00 00 00 “100 Че сл БГОМ ОС AAPA OM -D Silver, и 
Сә ОО М Сл бл з 00 № OO. чл Ча бл бл С К 2 М chemically deposited 


xXO NO N2 NO NO NO NO NO NO NO NOD ОЭОООЭООО dono 


Percentage absorption 


у 


Long À, 

Hg lamp 
Fil- 
tered, 
314u 


66.7 
100 
100 
100 
100 

49.9 

10.7 

84.2 

94.7 

49.2 


99.5 
52.4 
21.8 
87 

95.4 
33.6 


TABLE 584.—REFLECTING FACTOR OF BUILDING MATERIALS 553 


The radiation used to measure the reflecting factors for the wavelengths given was ob- 
tained from the sun's radiation transmitted through selected filters. The radiation from a 
"pointalight" transmitted through a thin gold filter may be used in place of the sun. 


Gold Com- 
Description (1.78) (.844) (614) (.50ш) film puted 
Naenesiumecarbotiate c E. oi RE E .63 .99 ‚98 ‚96 ‚96 
CLAY TILES 
Пп ШШ пене теби Т и, „оне .68 ‚66 .56 21 54 E 
Machine-made: red 22.2........... 542 42 .34 ЕТІ .38 .38 
РОДИ EN esos = .55 .38 .31 LI .34 .33 
lighter redo PES... 52 40 32 13 34 .33 
Дак ригре= mere o 22 .19 13 .19 .18 
EIandEmadeBEReude s... 20.4. e oneri .60 47 .37 „12 40 „39 
red бсо. 255 33 .28 .13 .31 E 
CONCRETE TILES 
[ие оге: о... 777... 37 38 136 27 35 .33 
[БААЛ КОСА. у пе а Go hs С... TT 13 17 15 09 15 .13 
awit: егу ТОО. ооо ое о. 08 13 .13 .10 {12 1 
lectulo ЕТ о TNT .06 .09 .09 .09 .09 .08 
SLATES 
Dareia y smooth 22222222222... и .09 .11 el .11 ГІ 10 
fairly rome аи. с со а ЖЕ... ‚10 11 ‚10 09 .10 .10 
POUR. ооо mE .09 .10 РІП ‚11 ‚10 ‚10 
Greeni eray: roug lE ooo ore emi .16 ‚11 12 ‚13 12 13 
ео. .14 .16 19 ‚10 14 13 
рота о... ES. .20 ‚16 13 12 13 .15 
Silver gray СМогмевап) 2... не. 22 E 21 ‚19 21 .20 
OTHER ROOFING MATERIALS 
Asbestos cement: white ан. 235 .42 41 .36 41 „39 
eG е M Ма = ‚33 .33 .29 14 21 .26 
Enamelled steel: white —............... = 35 53 53 57 52 52 
ЕНЕРІ ESI ‚26 34 „17 13 24 25 
т... .24 .26 .18 08 .19 .19 
Diu. ONE Iss s 23 27 217 18 .20 .23 
GalvaHized iron: neW s... сл се ан .58 .30 34 34 .35 5 
еу о ое еа DE ‚10 09 09 09 „09 09 
whitewashed ............. .63 ‚79 ‚79 ‚76 78 74 
Special roofing sheet: brown...,..........- ‚20 .15 12 07 13 13 
preen 222202... 22 13 ‚20 12 12 .14 15 
Bituminous [еН ОШ ...........-.......... 10 12 41 11 12 ald 
Аїйтїш лед [е О ..............:+...... ‚67 ‚60 .61 S7 .62 ‚60 
Муеа!Пегей аврпа .. 12 ‚12 ‚11 09 ‚11 ‚11 
ето (за ЕР аса рит wo a тен ‚46 .20 .19 .15 21 29 
BRICKS 
Ба ИСЕ... 777 74 ‚69 ‚64 .43 ‚64 ‚61 
Stock- light aW. ovre o rtr er .56 47 .38 .19 44 .39 
ЕЛЕК: ПРПИрОСИОП,..-22.......-...... ‚67 .61 57 248 .58 192 
по м s .54 .46 527. E 41 .37 
Е О... .56 .48 41 aS 44 .39 
ОТЕЦ... ле. 41 ‚37 .30 П „32 ‚30 
Mottled purple ..... pU M. NEL... 213 .26 22 .15 23 23 
СІ ОТА ЕЕ ЕС а... 21 212 „11 08 m 2 
Гаше-сау (Ёгепсһ) `........-.......—..... 97 .63 282 29 .54 .49 
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TABLE 585.—REFLECTION AND TRANSMISSION OF VARIOUS MATERIALS 
FOR VERY LONG WAVELENGTHS 


With quartz, 1.7 cm thick: 60 to 80, absorption very great; 634, 99 percent; 82u, 97.5; 
97u, 83. 


Percentage reflection 


Iceland Rock Fluo- 
Wavelength spar Marble salt Sylvite KBr KI rite Glass Water Alcohol 
В... — — 25.8 360 826 296 197 — 96 — 
Х== 1081 ..... 47.1 43.8 203 193 311 355 202 192 116 16 
Percentage transparency 
Uncorrected for reflections 
Thickness 
precipi- 
Trans- Thick- table Trans- 
Solid Thickness  parency Liquid ness liquid parency 
Ба а се 3.03 57.0 Вепгепе ....... 1.00 — 56.8 
МЕСЕ сен ‚055 16.6 Ethy! alcohol .. .158 — 7.9 
Hard rubber ........ .40 39.0 Ethyl ether ... .158 — 37.1 
(Отак ||'ахїз........ 2.00 62.6 Water ........ 029 — 25.8 
Quartz, amorph ..... 3.85 0 Water eee .044 = 13.6 
Кова. ......... ‚21 21.5 
{поле а... .59 5.3 Vapors: 
Diamond в...) 1.26 45.3 Alcohol ..... 2.00 023 88 
ОША д ахі... 2.00 81.3 Ether. com. 2.00 350 33.5 
uU M I onu 4.03 66.4 Benzene ..... 2.00 .063 100 
e uu О... 7.26 49.8 Water 05 4.00 71 19.6 
eU м 11.74 35.5 CE 2.00 — 100 
C т 14.66 29.0 
* Restrahlung from KBr. f Isolated with quartz lens. 
TABLE 586. —TRANSPARENCY OF BLACK ABSORBERS 
(percent) 
Candle 
Black Opaque Black lampblack, 
silk paper, black paper, cardboard 10 cm? = 1.8 
Method and wavelength .025 mm thick .11 mm thick .4 mm thick mg 
Spectrometer ........... 2u 0 0 0 5 
4 ‚9 0 0 8.6 
б I7 0 0 16.0 
12 8.2 1.4 0 37.6 
Fluorite "reststrahlen" ... 26 24.2 32 0 76.7 
Rock salt "reststrahlen" .. 52 46.0 15.1 0 01.3 
Quartz lens isolation..... 108 61.5 33.5 1.6 91.5 


TABLE 587.—RELATIVE REFLECTIVITY OF SNOW, SAND, AND OTHER 





MATERIALS 

1 White 

Maine Florida Crushed Plaster White Sodium f Sodium cotton 

sand * sand f quartz Snow of paris paper carbonate chloride cloth $ 

eto би... 8 15 40 35 40 8 14 38 26 
4 to Bu ... 25 40 50 40 53 30 28 49 42 
me tO 2-04 ... 33 50 53 15 60 30 35 54 40 
Бош 31 30 28 18 63 15 18 55 20 
ОШОО О... 48 Е T 26 2 a a " as 





bits Hulburt, Journ. Opt. Soc. Amer., vol. 17, p. 23, 1928. 
Yellow-white grains of many kinds. T Very white. t Anhydrous. $ Handkerchief. 
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TABLE 588.—PERCENTAGE DIFFUSE REFLECTION FROM MISCELLANEOUS 





SUBSTANCES 
Lamp-blacks ^ с 8 v 
v US x SEX s: R98 - % 2 5 

д ЫЗЫ ЖУ е бф о < км = 1 а B m WE 
60—32 25. 52. 84. 82. 89. 15. 18 14. 30. 
95 34 13 11 .6 13 1.1 88. 86. 75. 93. Zu 
4.4 22713) 5012 1.4 bI Zia S. 18. 29. 37 
8.8 3.8 135 ІЗ б 21 200 2428 5 11. 27 12. 
24.0 44 30 40 21 57 42 10. 6. 5. 2. 


TABLE 589.—INFRARED REFLECTIVITY OF TUNGSTEN 
(Temperature variation) 


Three tungsten mirrors were used—a polished Coolidge X-ray target and two polished 


flattened wires mounted in evacuated soft-glass bulbs with terminals for heating electrically. 
Weniger and Pfund, Journ. Franklin Inst. 


Percent increase in reflectivity in 


Absolute reflectivity going from room temperature to 
Wavelength at room temperature 

in in percent 1377^K 1628°K 1853°K 2056°K 
67 51 46.0 47.4 + 8.7 + 9.8 
80 55 = E EE 4- 82 
127 70 0 0 0 .0 
1.90 83 —6.6 —8.2 — 9.6 —11.0 
2.00 85 —7.5 —9.3 — 10.9 — 12.3 
2.90 92 —7.7 --9.4 --11.1 -- 12.5 
4.00 93 — -— — —12.5 


TABLE 590.—RESTRAHLUNG BANDS FROM VARIOUS MATERIALS ™ 


(percent) 
Filter 
Number of Crystal (3 mm paraffin Wavelength Frequency 
reflections mirrors in each case) in ш in ~ /cm 

ОТЫ Quartz I cm KCI 20.7 483 
o E Fluorite 5 mm KCI 23 435 
ШҰ? 22. Metal 
DEM Е Fluorite 3 mm KBr Du 366 
ДЕ ня Calcite 29.4 340 
D ccs а Fluorite .4 mm quartz 32.8 305 
m Metal 1.2 mm KBr 
За Aragonite 4 mm quartz 41% 244 
ЭН Metal 
та: NaCl 2 mm quartz 52 192 
ти КС! “ 63 159 
Ртг КВг 5 83 120 
qu A KI ч 94 106 
qu ТІВг У 117 85 
germ TII к 152 66 

Magnesium oxide “ 225 444 


17t Strong, Phys. Rev., vol. 38, p. 1818, 1931. - 
* The use of a paraffin window about 3 mm thick stops the short wavelength restrahlung of quartz at 
8.74 and of calcite at 6.74. Weak reflection at 41x. 
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TABLE 591.—INFRARED REFLECTING FACTOR OF VARIOUS MATERIALS * 


(percent) 
И ————————————————aee 
A = 20ш 25 33} 50 664 100 150и 
~ /ст = 500 400 300 200 150 100 663 
Ворон Га 6. Д 67 70 78 83 92 96 100 
E Пе а 24 33 42 58 68 81 99 
Í ШЕ E олы» 12 14 17 21 25 40 82 
а а оса REEL 21 30 21 51 73 76 76 
ОО о оаа 50 35 18 21 18 20 15 
B magnesia, fused. ie... rror 80 60 34 30 30 30 30 
Пет ое 21 20 4 39 48 52 39 
Spialerite 222222222222... 10 15 29 20 19 18 17 
О еее (30) 41 26 31 29 24 22 
ЕСИ ое 45 47 47 42 41 42 46 


* For reference, see footnote 174, p. 555. 


TABLE 592.—INFRARED TRANSMISSION OF VARIOUS MATERIALS * 





à — 20џ 29 334 50 664 100 150x 


~ /cm — 500 400 300 200 150 100 664 
MON ese oce Ss > 61 46 3 : 
о о. a 83 76 12 52 д р 
Amorphous О а. 3 27 64 63 62 70 87 
О аша с 2 (57) 63 50 74 74 (72) x 
В... 97 97 96 93 80 98 


* For reference, see footnote 174, p. 555. 
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TABLES 593-597.—ROTATION OF PLANE OF POLARIZED LIGHT 


TABLE 593.—TARTARIC ACID, CAMPHOR, SANTONIN, SANTONIC ACID, 
CANE SUGAR 


A few examples are here given showing the effect of wavelength on the rotation of the plane of 
polarization. The rotations are for a thickness of one decimeter of the solution. The following 
symbols are used: 


p — number grams of the active substance in 100 g of the solution. 





c= solvent “ у: 
4 — “ “ active “ “ cm? “ 
Right-handed rotation is marked +, left-handed —. 
П ТЕО ambo сонсо ао Huon 
dissolved in water. dissolved in alcohol. dissolved in chloroform 
Line of q = 50 to 95, q = 50 to 95, а -- 7510 96,5, 
spectrum Wavelength temp — 24°C temp = 22.9°C temp = 20°C 
B 6867 A —140°1 + .20854 
С 6562 +2°748 + .09446 q 38°549 — .0852 g —1493 + 115554 
D 5892 4-1.950 + 130304 51.945 — .0964 а —2027 + .3086 а 
Е 5269 + 153 + .17514 q 74.331 — .1343 q —285.6 + .58204 
bi 5183 E 4 - m —302.38 + .6557 q 
be 5172 -- 832 + .19147 q 79.348 — .1451 q т. m 
F 4861 —3.598 + .23977 д 99.601 — .1912 а —365.55 + .8284 g 
е 4383 —9.657 +- .31437 а 149.696 — .2346 а — 534.98 + 1.5240 q 
Santonin, Cis H1203 Santonic acid, 
Cis H 3904, 
бапіопіп, Сі; НіяОҙ, dissolved in dissolved in dissolved in 
dissolved in alcohol. alcohol. chloroform. chloroform. 
с == 782 с = 4.046 с = 3.1–30.5 € = 27.192 
temp = 20°C temp = 20°С temp = 20°С temp = 20°C 
B 6867 —110.4° 442° 484° — 49° 
€ 6562 — 118.8 504 549 = 57 
D 5892 --161.0 693 754 — 74 
Е 5269 --222.6 991 1088 --105 
bi 5183 —237.1 1053 1148 --112 
be 5172 = = — — 
Е 4861 СЛЕ 1323 1444 —137 
е 4383 —380.0 2011 2201 —197 
с 4307 — - == -- 
g 4226 — 2381 2610 — 230 


Values obtained at the National Bureau of Standards for the rotation of sucrose are given below. 


Light _ Вох [а] 20 * Light Rot X [а] 20° 
source Rot A = 5461 А : А source Rot A = 5461 À 
Li 6708 ‚644 50.45 Са 4678 1.403 109.9 
Са 6438 ‚711 55.70 Не 4358 1.644 128.8 
Ка 5892.5 .84922 66.529 Ag 4208 1.786 139.9 
Hg 5780 .8854 69.36 Hg 4047 1.95 152.8 
Hg 5461 1.0000 78.342 
Ag 5209 1.108 86.80 
Cd 5086 1.167 91.43 
Са 4800 1:323 103.65 


van Degrees per dm. The above values are for a near normal solution, i.e., approximately 26 g of sucrose per 
cm3, 
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558 TABLE 594.—SODIUM CHLORATE; QUARTZ 
Sodium chlorate Quartz 
Spec Spec- Spec- 
trum Wave- Temp Rotation trum Wave- Rotation trum Wave- Rotation 
line length "е per mm line length per mm line length per mm 
a 7164A 15.0  2?068 A 7604 12°668 Cds 3609 632628 
B 6870 17.4 2.318 a 7164 14.304 N 3582 64.459 
С 6563 20.6 2.599 В 6870 15.746 Cdi, 3465 69.454 
р 5892 18.3 3.104 О 3441 70.587 
Е 5270 16.0 3.841 С 6563 17.318 
Е 4861 11.9 4.587 D, 5896 21.684 Cd. 3401 72.448 
G 4340 10.1 5.331 D; 5890 21727 P 3360 74.571 
G 4308 14.5 6.005 Q 3286 /8.579 
H 4101 15:3 6.754 E 5270 27.543 Са: 3247 80.459 
L 3820 14.0 7.654 Е 4862 32.773 
М 3728 10.7 8.100 С 4308 42.604 R 3180 84.972 
N 3581 12.9 8.861 Cdi 2747 121.052 
P 3361 12.1 9.801 h 4102 47.481 Cdis 2571 143.266 
О 3287 11.9 10.787 Н 3969 51.193 Саз 2312 190.426 
Е 3180 13.1 11.921 К 3934 52 155 
M^ 3021 12.8 12.424 Са, 2264 201.824 
Сат 2747 122 13425 L 3820 55.625 С4» 2193 220.731 
Саз 2571 116 14.965 М 3728 58.894 Сав 2143 235.972 
TABLE 595.—REFLECTING FACTOR OF METALS (See Table 584) 
Wave- Graph- 
length Al Sb Cd Со ие Ir Mg Mo Pd Rh Si Ta Te Sn W Va Zn 
и Percents 
5 -- — — -- 22 — 72 46 — 76 34 38 — — 49 57 — 
6 — 53 — — 24 — 73 48 - 77 32 45 49 — 5 58 — 
8 — 54 — — 05 — 74 52 — 81 29 64 48 - 56 60 — 
104 71 55 72 67 27 78 74 58 72 84 28 78 50 54 602 М 80 
20 92 60 97 72 35 97 7 92 81 91928 Я ыы в 
40 92 68 96 81 48 94 84 90 88 92 28 93 57 72 93 79 97 
70 96 71 98 93 54 95 91 93 94 94 28 94 68 81 95 88 98 
10.0 98 72 98 97 59 96 - 94 97 95 28 — — 84 96 — 98 
120 98 — 9 97 — 96 — 95 97 — — 95 - 85 96 — 99 


The surfaces of some of the samples were not perfect so that the corresponding values have less weight. 


The 


following more recent values are given for tungsten and stellite, an exceedingly hard and untarnishable alloy 


of Co, Cr, Mo, Mn, and Fe (C, Si, S, P) 


Wavelength, 


Tungsten, 
Stellite, 


и, 


.15 


32 


.50 
.50 
‚64 


75 1.00 2.00 
192 ,576 900 
.67 .689 .747 


3.00 4.00 
943 .948 
793” 5825 


TABLE 596.—OPTICAL CONSTANTS OF METALS 


5.00 
1955 
.848 


9.00 
.880 


Two constants are required to characterize a metal optically, the refractive index, n, 
and the absorption index, К, {Не latter of which has the following significance: the ampli- 
tude of a wave after traveling one wavelength, \* measured in the metal, is reduced in the 
ratio 1: exp (—2r&) * or for any distance d 1: exp(—2zdk/X'), for the same wave- 
length measured in air this ratio becomes 1: exp ( — 2mrdnk/XM), nk is sometimes called 
the extinction coefficient. Plane polarized light reflected from a polished metal surface is 
in general elliptically polarized because of the relative change in phase between the two 
rectangular components vibrating in and perpendicular to the plane of incidence. For a 
certain angle, ¢ (principal incidence) the change is 90? and if the plane polarized incident 


beam has a certain azimuth y (principal azimuth) circularly polarized light results. 


k = tan 2y (1 — cot*9) and n — 
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(continued) 


sin $ tan $ 


ЕЕ» 


(1 + 3 cot*o). 


TABLE 596.—OPTICAL CONSTANTS OF METALS (concluded) 559 


For rougher approximations the factor in parentheses may be omitted. R — computed 
percentage reflection. 


(The points have been so selected that a smooth curve drawn through them closely 
indicates the characteristics of the metal.) 





Computed 
Metal À Ф V n k nk R 
x Р % 
Cobalt .231 64°31 29° 39 1.10 1.30 1.43 32. 
2275 70 22 29 59 1.41 1.52 2.14 46. 
„500 77 5 31 53 1.93 1.93 2,72 66. 
‚650 79 0 31725 2.05 1.87 4.40 69. 
1.00 81 45 29 6 3.63 1.58 5.73 18. 
1.50 83 21 26 18 5.22 1.29 6.73 75. 
2 25 83 48 Z6 5 5.65 1.27 7.18 76. 
Copper 231 65 57 26 14 1.39 1.05 1.45 29. 
347 65 6 28 16 1.19 1723 1.47 92: 
.500 70 44 33 46 1.10 213 2.34 56. 
.650 74 16 41 30 4 7.4 3.26 86. 
‚870 78 40 42 30 oa 11.0 3.85 91. 
1.75 84 4 42 30 83 11.4 9.46 96. 
225 85 13 42 30 1.03 11.4 11.7 97. 
4.00 87 20 42 30 1,87 11.4 21.3 
5.50 88 00 41 50 3.16 9.0 28.4 
Gold 1.00 81 45 44 00 24 28.0 6.7 
2.00 85 30 43 56 47 26.7 125 
3.00 87 05 43 50 ‚80 24.5 19.6 
5.00 88 15 43 25 1.81 18.1 33. 
Iridium 1.00 82 10 29 20 3.6 1.60 5.8 
2.00 84 40 28 10 6.0 1.48 8,9 
3.00 85 40 26 40 8.0 1.37 11.0 
5.00 87 20 24 00 125 1.13 14.1 
Nickel .420 /2 20 31 42 1.41 1.79 2.53 54. 
.589 76 1 31 41 1.79 1.86 3.33 62. 
.750 78 45 32 6 2.19 1.99 4.36 70. 
1.00 80 33 272 2.63 2.00 5.26 74. 
2.25 84 21 33 30 3.95 2.33 9.20 85. 
Platinum 1.00 82 00 30 30 3.4 1.82 6.2 
2.00 84 45 29 40 57 1.70 9.7 
3.00 86 00 28 50 7.7 1.59 12.3 
5.00 87 15 27 00 11.5 1.37 15.7 
Silver .226 62 41 22 16 1.41 ‚75 1.11 18. 
.293 63 14 18 56 1.57 .62 ‚97 7 
.316 52 28 15 38 1.13 ‚38 .A3 4. 
.332 92 1 27-722 41 1.61 65 32. 
.395 66 36 43 6 16 12.32 1.91 87. 
.500 72 31 43 29 17 171] 2.94 93. 
.589 75 35 43 47 .18 20.6 3.64 95. 
750 79 26 44 6 Яя 30.7 5.16 97. 
1.00 82 0 44 2 .24 29.0 6.96 98. 
1.50 84 42 43 48 .45 23.7 10.7 98. 
2.25 86 18 43 34 Uu 19.9 15.4 99. 
3.00 87 10 42 40 1.65 12:2 20.1 
4.50 88 20 4] 10 4.49 7.42 33.3 
Steel .226 66 51 28 17 1.30 1.26 1.64 35. 
287 68 35 28 45 1.38 1.35 1.86 40. 
325 69 57 30 9 1.37 1.53 2.09 45. 
‚500 75 47 Zo 2 2.09 1.50 3.14 57. 
‚650 77 48 27 9 2.70 1.33 3.59 59. 
1.50 81 48 28 51 3.71 1.55 5.75 73: 
21:25 63:22 30 36 4.14 1.79 7.41 80. 


* See footnote 5, p. 7. 
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TABLE 597.—OPTICAL CONSTANTS OF METALS (additional data) 





Metal À n k R Metal À 


n k R 
ш [Л 
Al * „589 1.44 5 32 83 Ni * 279 1.09 1.16 24 
Sb * 589 3.04 4.94 70 441 1.16 1.23 25 
Bi tt white 2.26 -- — .589 1.30 1.97 43 
Са” .589 1.13 5.01 85 Rh* .579 1.54 4.67 78 
Gr * 579 2.97 4.85 70 Set .400 2.94 2.31 44 
Nb* .579 1.80 2.11 41 .490 312 1.49 35 
Aut 0257 92 1.14 28 „589 2.93 .45 25 
441 1.18 1.85 42 ‚760 2.60 06 20 
.589 47 2.83 82 51% .589 4.18 .09 38 
I crys .589 3.34 257 30 1:25 3.67 .08 33 
Ins .579 2.13 4.87 75 2.25 3.53 08 31 
Ее $ 257 1.01 ‚88 16 Ма (па) .589 .004 2.61 99 
441 1.28 137 28 Та? .579 2.05 2.31 44 
.589 151 1.63 33 П .589 1.48 5.25 82 
Phe „589 2.01 3.48 62 үү * „579 2.76 2.71 49 
Ме * .589 M 4.42 93 М * „579 3.03 3.51 58 
Mn * .579 2.49 3.89 64 Zn* 2257 59 .61 20 
Hg (liq) .326 .68 2.26 66 .441 .93 3.19 73 
.441 1.01 3.42 /4 .589 1.93 4.66 74 
.589 1.62 4.41 /5 .668 2.62 5.08 73 
ж 668 1.72 4.70 77 Хх = wavelength, n = refraction index. 
Pd 572 1.62 3.41 65 k = absorption index, R = reflection. Percent. 


Рет 257 1:17 1.65 37 


668 291 366 59 


* Solid. f Electrolytic. f Prism. § Deposited as film in vacuo. 
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TABLES 598-601.—MEDIA FOR DETERMINATIONS OF 
ООВ DISCE TTINDIGESSWITBESTHE MICROSCOPE 


TABLE 598.—LIQUIDS, n, (0.589,) — 1.74 to 1.78 


In 100 parts of methylene iodide at 20*C the number of parts of the various substances 
indicated in the following table form saturated solutions having the refractive indices 
specified. When ready for use the liquids can be mixed to give intermediate refractions. 
Commercial iodoform (CHIs) powder is not suitable, but crystals from a solution of the 
powder in ether may be used, or the crystallized product may be bought. A fragment of tin 
in the liquids containing the Snl, will prevent discoloration. 


CHI, Snl, 4451; 5613 5 Ппа аї 20°С 

12 1.764 

25 1.783 

28 12 1.806 

30 6 1.820 

27 13 7 1.826 

40 27 16 1.842 
31 14 8 10 1.853 

35 31 16 8 10 1.868 


TABLE 599.—RESINLIKE SUBSTANCES, n, (0.589,) — 1.68 to 2.10 


Piperine, an inexpensive alkaloid, comes in very pure straw-colored crystals. Melted, it 
dissolves the tri-iodides of Sb and As very freely. The solutions are fluid at slightly above 
100° and when cold, resinlike. Three parts antimony iodide to one part of arsenic iodide 
with varying proportions of piperine are easier to manipulate than one containing either 
iodide alone. In preparing, the constituents, in powder of about 1 mm grain, should be 
weighed out and then fused over, not 1n, a low flame. Three-inch test tubes are suitable. 


Percent iodides 00 10 20 30 40 50 60 70 80 
Index of refraction...... 1.683 1.700 1.725 1.756 1.794 1.840 1.897 1.968 2.050 


TABLE 600.—PERMANENT STANDARD RESINOUS MEDIA, 
пр (0.589) — 1.546 to 1.682 


Any proportions of piperine rosin form a homogeneous fusion which cools to a trans- 
parent resinous mass. On account of the strong dispersion of piperine the refractive indices 
of minerals apparently matched with those of mixtures rich in this constituent are 0.005 
to 0.01 too low. To correct this error a screen made of a thin film of 7 percent antimony 
iodide and 93 percent piperine should be used over the eyepiece. Any amber-colored rosin 
in lumps is suitable. 





Percent rosin 00 10 20 30 40 50 60 70 80 90 100 
Index of 
retraction ..... 1.683 1.670 1.657 1.643 1.631 1.618 1.604 1.590 1.575 1.560 1.544 





TABLE 601.—SUBSTANCES, n, — 1.39 to 1.75 





я n n 
n-Heptane 1.39 Eugenol 1.54 Quinaldine 1.61 
Octylene 1.41 Nitrobenzene 155 Iodobenzene 1.62 
Cyclohexane 1.44 Anethole 1.56 a-Chloronaphthalene 1.63 
d-Limonene 1.47 o- Toluidine 1:57 a-Bromonaphthalene 1.66 
p-Xylene 1.50 o-Bromophenol 1.58 a-Iodonaphthalene 1.69 
Chlorobenzene 1.53 Bromoform 1.59 Methylene iodide 1.25 
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562 TABLES 602-609.—PHOTOGRAPHY * 


TABLE 602.—SENSITOMETRIC CONSTANTS OF TYPE PLATES AND FILMS, 
DEFINITIONS 


Density (D).—Density is a measure of the degree of blackening of an exposed film or 


plate after development. Density is defined in general terms as the logarithm of the ratio 
of the radiant flux, Po, incident on the sample to the radiant flux, Ps, transmitted by the 


sample. 


3.0 


2.0 


Density 


Densily of base, 
plus fog 





3.0 2.0 1.0 0.0 Ке, 


Log exposure (mcs) 


Fic. 27.— Typical characteristic curve. Ordinates are diffuse transmission density (D); 
abscissae, logs of exposure (log E). A-C = toe, C-E = straight line, E-F = shoulder, 
B = speed point, B-D = Alog E = 1.50. Tan a = y, Tan b =f, Tan a = 0.32. 


o-w (E) 


Exposure (E).—E — It (expressed in meter-candle seconds). / — illumination (meter- 
S mc) incident on the photographic material during exposure, f = exposure time in 
seconds. 

Gamma (7).—Gamma is defined as the tangent of the angle alpha (a) (fig. 27) which 
the straight-line part of the characteristic curve makes with the log-exposure axis. 

Gamma infinity (yoo ).—yw is defined as the limiting value to which gamma ap- 
proaches as development time is increased. 

Time of development for the half gamma infinity (ty = y4./2).—4 convenient 
practical specification of development rate of significance in comparing developers. 

Time of development for gamma of unity (t, = 1.0).—A convenient practical speci- 
fication of development rate of significance in comparing photographic materials. Compari- 
sons must be confined to materials in the same developer. 

_ Inertia (1).—i — the value of exposure where the straight-line portion of the character- 
istic curve (fig. 27) extended cuts the log E axis. 

Speed (S.).—S. =1/E, where E is the exposure corresponding to point B on the 
D-log E curve in figure 27. This point is located in the following manner: А log exposure 
range of 1.50, represented in the figure by the distance along the log exposure axis between 
B and D, is selected in a region where the slope of the curve at the low end of the range is 
0.30 of the average slope over the entire range. When the slope, or tangent of angle a, is 
0.30 of the tangent of angle b, the point B, at the low end of the exposure range, represents 
the exposure value (E) from which the speed of the material is derived. 





* The material on photography was prepared by L. A. Jones, of the Eastman Kodak Co. 
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TABLE 603.—FORMULAS FOR DEVELOPERS 563 


In the determination of the values given in Table 604, ee solutions made up 
according to the following formulas were used (temperature, 20°C 


Developer A: 


Мопоте(ћу! рага-апипорћепо! зиНаје "......................... 2.0 grams 
©ОЧПШГИ еШ М(аппубгоп5)-.................................. 500 “ 

О С еее е... В... 40 ^" 
Sodium сасвопа се (апһуагоме)............................... 60 ^" 
ied BUCO = T T VOR 
Аїг-їтее Че ууа!ег {© таКе................................ 1.0 liter 

Developer B: 
Monomethyl para-aminophenol sulfate *......................... 2.0 grams 
SodigmisulbteStinDydrous) cese Ж.................. 800 ^" 
BN DOCU оао ааа as 40 ^" 
БТ... ы esc ee ee ec awe eee 40 ^" 
Поа ЕШ ПИ КО СВ са сасе. о оваа о rr eus E serrer rt hr n : А 
Дїг-їгее ШшеППей ула!ег {О таКе................................ 1.0 liter 
Developer C: 

ате апос ШОБ ИЕ БО) а 4:6 ae.0 eve os 500.0 cc 
Мопоте ћу] рага-апипорћепо!ј в41а4е %........................ 2.2 grams 
ИНТЕ ПО... 2222................. 96.0 “ 
ое wot t ttttr XxEGGOOOC —— XxxXGX T t 2ITTTTTT IT 88 © 
бейіті сагропаіе, шопоһубгаеейв............................... 560 “ 
Бөлен НЕ.  .......... 50 
Am teee distilled: water tO тпаКе..........2......»............ 1.0 liter 


* Sold under such trade names as Metol, Elon, Rhodol, and Pictol. 





TABLE 604.—SENSITOMETRIC CONSTANTS OF TYPE PLATES AND FILM 





Reciprocal 


inertia * vd 
Material Developer Yy + == /2 !,=1.0 (5%) (Se) 
Motion-picture films 
Fast) panchromatic ....0¢...... B 1.30 10.2 215 2300 400 
Medium-speed panchromatic ... B 1.70 9.8 13.0 1700 250 
Fine-grain panchromatic ...... B 2.00 10.8 10.8 600 100 
Positive (regular) ............ C 225 1.5 ‚9 25 Жл 
Positive (fine-grain) .......... С 4.30 1.4 .7 5 
Sheet films and plates 
Бас раперготанс ............ А 1.45 2.6 5.2 2500 500 
Fast orthochromatic .......... A 1.50 2.0 4.2 1700 400 
Medium-speed panchromatic .. A 1.50 3.6 6.3 840 200 
Medium-speed orthochromatic.. A 1.25 2.7 9.9 850 200 
Blue-sensitive ................ A 1.35 2.7 5.7 430 100 
Amateur roll films 
Fast panchromatic ............ A 1.28 2.9 6.6 2500 400 
Fast orthochromatic .......... A 1.25 22 57 1300 200 
Fine-grain panchromatic ...... A 2.50 55 4.2 400 100 
Process films and plates 
Panchromatic esenee ve C 6.90 3.3 8 60 
Grthochromatic 2............. С 5.00 2.00 .7 60 
Blue-sensitive ................ C 4.00 2.7 1.7 35 


* $(.— 10/1, where ï is the inertia value at у == 1.0. Reciprocal inertia was originally ac osed by 
Hurter and Driffield as a sensitometric measure of the speed of photographic materials. ears no 
direct relation 1o their effective specd as delermined by camera exposures, however. It is useful for 
comparing different types of materials which have no common basis of application in practice. 
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TABLE 605.—COMPARISON OF NUCLEAR AND OPTICAL EMULSIONS 
Nuclear track plates differ markedly in physical composition and general characteristics 


írom the ordinary photographic materials (optical type) as shown in the table, where a 
number of properties of optical and nuclear emulsions are compared. 


Property Optical type Nuclear type 
ЖЕРІ реја ПЦ) сиво ке ак а 80:20 
АеВг: реһапп (хо!) ............. IS o UII eias sS 45:55 
Grain diameter .................. Sto I a OET .l to 4u 
Emulsion thickness .............. 10 NES рен 25 — 3001 
Emulsion о eres 2-4 iia. а 10-80 
Sensitivity to light............... Мегу ТОП с E Low 
Response to a-particles........... ЕЕ ИНК К О оН Individual tracks 
Response to 8-particles........... Moderate ............... арок Individual tracks 
Response to у-гауѕ............... LOW uu SN LS C РИИ Very low 


TABLE 606.—RESOLVING POWER AND EDGE GRADIENT VALUES 55 
Part 1.—Definitions 


Resolving power (R).—The resolving power of a photographic material is broadly 
defined as the ability to record fine detail distinguishably. Any quantitative evaluation de- 
pends on the type of detail, and for convenience parallel lines separated by spaces whose 
width is equal to the common width of the lines are almost universally used.’ Values are 
usually given as the number of lines per millimeter that can be resolved visually under 
adequate magnification. 

Resolving power increases with increasing exposure to a maximum and then decreases, 
It is relatively unaffected by the type of developer, although developers that markedly 
reduce the grain size improve resolution. As the development time increases from zero, 
resolving power rises rapidly to a maximum, decreases slightly, and then remains sensibly 
constant for all practical development times. It increases in a roughly exponential manner 
as the contrast in the test object increases from zero, becoming substantially constant for 
contrasts exceeding about 100:1. Its dependence on wavelength is less well known, but in 
general it increases as wavelength decreases because of the increasing opacity of the emul- 
sion. Although resolving power tends to increase as granularity decreases, this is by no 
means always the case. The values given in Table 608 apply when the ratio of brightness 
of the light to the dark lines is 1000: 1 and the test object is photographed with an espe- 
cially well-corrected f/5 lens in tungsten light with the optimum exposure; the materials 
were developed for practical times in the developer for which the data are given in 
Table 604. 

As thus specified, resolving power is a threshold phenomenon and is not a criterion of 
the clearness with which gross details will be reproduced. Furthermore, it is of questionable 
value when the image is to be scanned with a physical photometer because the effect of 
granularity depends upon the design of the instrument. 

Edge gradient (G).— The appearance of sharpness produced by a photographic image 
probably depends, among other factors, upon the rate of change of density across the edge 
of the image with distance measured normal to the boundary. The curve of density vs 
distance resembles the H and D curve, and its gradient, called edge gradient to distinguish 
it from the gradient of the H and D curve, passes through a maximum with respect to 
distance. The values of this maximum for the respective materials in density units per 
micron are given in Table 608. These values were determined with a test object consisting 
of an extremely sharp, clear line in an opaque background on a high-resolution plate. This 
test object was pressed firmly against the sample with a contact liquid between and the 
combination was exposed to light from an f/5 lens. The resulting image was scanned with 
a physical microphotometer having a comparatively narrow slit. 

The determinants of edge gradient have been less studied than have the determinants 
of resolving power, but it is known that the maximum gradient has a maximum with 
respect to exposure. It would be expected that the maximum gradient would increase in 
gamma, but present knowledge indicates that it increases less rapidly. The dependence 
on wavelength has not been studied with modern techniques, but older studies indicate that 
gradient increases with decreasing wavelength. The values in Table 608 are for у oo /2 
and tungsten light at the optimum exposure. 

Both resolving power and edge gradient are inherent properties of the emulsion and are 
relatively inflexible. It is possible to improve them by bathing the material in dye that 
absorbs the light to which the emulsion is sensitive, but this is rarely practical because of 
the concomitant reduction in speed. 


5 Mees, C. E. K., The theory of the photographic process, chap. 21, Macmillan, 1942. 
xe Mees, C. E. K., Proc. Roy. Soc. London, vol. 83, p. 10, 1909. 
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TABLE 606.—RESOLVING POWER AND EDGE GRADIENT VALUES 
(concluded) 


Part 2.—Values 


€—————————————————————————————— A: 


Edge 
| Resolving gradient 
Material power (X 10-3) 

Motion-picture films: 

Pasi panchromatic aeee e e Е... 95 8 

Ме ит=врееа рапопгошанс ...............-.......... 100 9 

Кїпе-рга1п рапейготайсЖ....,..,.................. 100 10 

Резе (пер ај О UT erret 105 18 

Розитуе (Ппе-; аш ШО. ......--......-з........... 130 22 
Professional sheet films: 

НА ЕО ооо а и 85 11 

Во 4... 100 10 

Niediumsspeed panchromatic ..-2999 9:99 ........ 75 10 

Мейшп-зреей огвосһготавнс ........................ 75 11 

Blue sensitive SATE По... р Е сена 90 10 
Amateur roll films: 

Рае ране о 2022000... 95 10 

Fast orthoc hroma о. 100 11 

Шпергатирансттан 2.21... - 105 12 
Process films and plates: 

Panchromatic Minaa. sea os ea Т. 125 22 

Ооо ао ПН о. 130 23 

Blue-sensitüve рас ОИ. 110 18 
Lheh геѕоіаніотрі ате 2-2 22272... approx. 2,500 * 


* This value was obtained by direct exposure to a line interference pattern. With conventional meth- 
ods а measurement, the value is limited by the optical system rather than by the characteristics of the 
emulsion. 


TABLE 607.—RELATIVE PHOTOGRAPHIC EFFICIENCY OF ILLUMINANTS 


Photographic efficiency, Er* 


Color 
temperature Blue Ortho- 

Source rating sensitive chromatic Panchromatic 
ЗИТ MM АРС..." ов 100 100 100 
епо се Ку — 700 285 300 
Carbon arc, white flame.............. em 440 220 230 
Mercury are H-I с, кере 135 120 90 
Мегсигу агс, Н-4...........-.-.. "7 T 225 175 130 
Мегсипгу аге Нб.. ....,......... т. 340 245 160 
Fluorescent, standard warm white.... .... 70 70 75 
bluorescent, daylight х UN 125 150 120 
Incandescent tungsten ............... 2848° 40 50 70 
Argon glow айр. rearen T 21,000 60 35 


* Er — relative photographic efficiency of source evaluated on basis of equal visual intensities. 
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TABLE 608.—SPECTRAL SENSITIVITY OF PHOTOGRAPHIC MATERIALS 


Spectral sensitivity is normally expressed in terms of the reciprocal of the energy 
(егаз/ст“) at various wavelengths | required to produce a given density under given condi- 
tions of development. The curves in figure 28 are shown for a scale of relative sensitivity 
values, with a value of 10 assigned to the point of maximum sensitivity. The curves 
should be regarded only as representative of the type of sensitizing for which they were 
determined and are not suitable for quantitative use. In figure 29 spectral sensitivity data 
are presented in a different form. Here the wavelengths to which classes of spectroscopic 
plates are sensitive are shown in a block diagram. No indications are given of the way 
in which sensitivity varies with wavelength. A solid portion of the block diagram indicates 
the spectral region for which the class is especially valuable, i.e., where the sensitizing is 
most effective. 


1005 


== 
и zea 
~ 
~ 





“RELATIVE SPECTRAL SENSITIVITY 


400 300 600 700 800 900 1000 
WAVELENGTH IN MILLIMICRONS 


Fic. 28.—Spectral sensitivity curves for typical films: 1, blue sensitive; 2, orthochromatic ; 
3, panchromatic; 4, infrared sensitive. 
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Fic. 29.—The range of spectral sensitivity of kodak spectroscopic plates. 
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TABLES 610-625A.—STANDARD WAVELENGTHS !7-1*? AND 
SERIES RELATIONS IN ATOMIC SPECTRA * 


Primary standard of wavelength.—The red radiation, 6438.4696 А, 
emitted by a cadmium lamp of Michelson type was first chosen in 1907 by the 
International Union for Cooperation in Solar Research 177 аб a primary stand- 
ard of wavelength and definition of the angstrom as a unit of wavelength meas- 
urement. This primary standard was adopted in 1922 by the International As- 
tronomical Union !'? and in 1927 by the International Committee on Weights 
and Measures +° with the statement that the wavelength of this radiation is 
6438.4696 x 107? meters when the light is propagated in dry air at 15°C 
(hydrogen thermometer) at a pressure of 760 mmHg, gravity being 980.665 
cm/sec?, 

Specifications for the standard cadmium lamp were last revised in 1935; 189 
they designate that the lamp must be Michelson H-type with internal elec- 
trodes, excited with continuous or alternating current of industrial frequency, 
maintained at a temperature near 300°C (never exceeding 320°C) and contain 
air under a pressure between 0.7 and 1.0 mmHg at that temperature. The con- 
striction must not be less than 2 mm diameter and the current must not exceed 
7 milliamps/mm?. 

A summary of nine directly measured values of the wavelength of the red 
radiation of cadmium in terms of the meter has been given by H. Barrell 18! 
as in Table 612. 


77-1? For footnotes 177-192, see p. 578. 
* Data furnished and arranged by W. F. Meggers, National Bureau of Standards. 


TABLE 610.—PRELIMINARY VALUES OF Hg? WAVELENGTHS 
IN ANGSTROMS 


N.B.S. (U.S.A.) N.P.L. (England) I.B.W.M. (France) Mean 
5790.6628 5790.6628 5790.6630 5790.6629 
5769.5983 5769.5985 5769.5986 5769.5985 
5460.7532 5460.7531 5460.7533 5460.7532 


International secondary standards of wavelength from neon, krypton, and 
iron spectra.—Spectroscopic secondary standards of wavelength are derived from the 
primary standard (Cd 6438.4696 A) by means of the Fabry-Perot interferometer. The 
existing international secondary standards represent the mean of three or more independent, 
concordant values adopted by the International Astronomical Union. All values of sec- 
ondary standards of wavelength are valid for normal air (15°C and 760 mmHg). The 
most precisely determined secondary standards of wavelength have been obtained from 
discharge tubes of the Geissler type containing neon or krypton gas at a pressure not ex- 
ceeding 15 mmHg. In 1935 the International Astronomical Union’ adopted 8-figure 
values of 20 neon wavelengths with the reservation that they apply only to the conditions 
under which they were determined, viz, with interferometers of high resolving power but 
plate separations not exceeding 40 mm. 


153 For reference, see p. 578. 


TABLE 611.—NEON SECONDARY STANDARD WAVELENGTHS 
IN ANGSTROMS 


5852.4878 6074.3377 6266.4950 6532.8824 
5881.8950 6096.1630 6304.7892 6598.9529 
5944.8342 6143.0623 6334.4279 6678.2764 
5975.5340 6163.5939 6382.9914 6717.0428 
6029.9971 6217.2813 6506.5279 7032.4127 


New values of 20 krypton lines as secondary standards of wavelength were adopted in 
1935 by the International Astronomical Union.“ See Table 614. 


14 For reference, see p. 578. 
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TABLE 612.—VALUES OF THE WAVELENGTH OF THE CADMIUM RED LINE 
IN TERMS OF THE INTERNATIONAL METER (Unit — 1 х 10-0 т) 





Differences 


Corrected from mean 
and adjusted ee Ima 
Date of Original values in Parts per 
determination Observers values normal air 10-9 т 106 

1892-93 Michelson and Pn 6438.4722 6438.4691 —.0005 —.08 
(ВЕРМ. 

1905-06 iu abry and Perot 6438.4696 6438.4703 +.0007 +.11 
В.Г.Р.М.) 

1927 Watanabe and Imaizumi 6438.4685 6438.4682 —.0014 —.22 
(Tokyo) 

1933 Sears and ia 6438.4711 6438.4713 +.0017 +.26 
(NEL. 

1933 Kosters and Lampe 6438.4672 6438.4689 --.0007 —.11 
CESISR.) 

1934-35 ru and peel 6438.4709 6438.4709 +.0013 +.20 

КИРА. 

1934-35 Kosters and Lampe 6438.4685 6438.4690 —.0006 --.09 
(Р.Т.Ё.) 

1937 Kosters and Lampe 6438.4700 6438.4700 +.0004 +.06 
(Р.Т.Е.) 

1940 Romanova, Varlich, Kar- 6438.4677 6438.4687 —.0009 —.14 

tashev, and Batarchukova 
(Leningrad) 


Mean 6438.4696 =.0009 2,14 





The values originally reported (column 3) are corrected (column 4) to take account of 
subsequent conclusions (a) regarding the values to be attributed to the standards of length 
employed, and adjusted (b), so far as the available information permits, to uniform stand- 
ard conditions of dry air at 15°C and 760 mmHg pressure, containing 0.03 percent CO:. 
The statistical mean deviation associated with the average value of 6438.4696 x, 107? m 
derived from these nine determinations amounts to 0.0010 X 1079 т. 

The recent production of purer monochromatic radiation (than the cadmium red line) 
suggests that eventually another wavelength from a single heavy isotype of even mass 
number may be adopted as the primary standard of length. Thus, since 1945 many milli- 
grams of Hg have been made by transmutation of gold in chain-reacting uranium piles. 
Electrodeless lamps containing Hg’ have been made and distributed by the National 
Bureau of Standards. When excited by ultra-high frequency (> 100 megacycles) and 
water cooled these lamps emit with high intensity ideally sharp mercury lines. Preliminary 
measurements, relative to Cd 6438.4696 A, of the yellow and green lines of Не’ һауе 
been reported * by the National Bureau of Standards, by the National Physical Labora- 
tory, and by the International Bureau of Weights and Measures, as in Table 610. 


182 For reference, see p. 578. 


TABLE 613.—RESULTANT S VALUES AND TERM MULTIPLICITIES 


А 


Number of . 
electrons S Term multiplicities 
1 1/2 Doublets 
2 0, 1 Singlets, triplets 
5 112. 3/2 Doublets, quartets 
4 ale Singlets, triplets, quintets 
5 172372092 Doublets, quartets, sextets 
6 e123 Singlets, triplets, quintets, septets 
7 12, 3/2, 5722772 Doublets, quartets, sextets, octets 
etc. 


E E ььньньньБУЪ ЪьуЪъ 
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TABLE $14. .B—KXRYPTON SECONDARY STANDARD WAVELENGTHS 
IN ANGSTROMS 





4273.9700 4319.5797 4453.9179 5649.5629 
4282.9683 4351.3607 4463.6902 5870.9158 
4286.4873 4362.6423 4502.3547 5993.8503 
4300.4877 4376.1220 5562.2257 6421.029 
4318.5525 4399.9670 5570.2895 6456.291 





Neon and krypton secondary standards are used extensively for interference measure- 
ments in metrology and spectroscopy, but their spectral range and distribution does not 
make them generally suitable for wavelength measurements by interpolation in prismatic 
or in grating spectra. For the latter purpose a system of secondary standards should con- 
sist of lines of comparable intensity distributed as uniformly as possible throughout the 
entire range of wavelengths commonly observed in optical spectra. An approach to such 
a system is found in the internationally adopted secondary standards derived from the 
spectrum of the iron arc. The source for iron secondary standards is specified? as the 
“Pfund arc operated between 110 and 250 volts, with 5 amperes or less, at a length of 
12-15 millimeters used over a central zone at right angles to the axis of the arc, not to 
exceed 1.0-1.5 millimeters in width, and with an iron rod 6-7 millimeters diameter as the 
upper pole and a bead of oxide of iron as the lower pole. As the secondary standards to the 
red of 6000 A are all stable lines, and as the exposures with the above-mentioned arc 
may be rather long, it is recommended that the 6 mm, 6 ampere arc be retained for this 
region.” 

The list of iron secondary standards adopted by the International Astronomical Union ™ 
consists of 306 7-figure values ranging from 2447.708 to 6677.933 A, thus covering a little 
more than one octave. 

Internal evidence from the combination principle as well as the agreement between inde- 
pendent observers indicates that the average probable error in these standards is +0.001 А. 
Preliminary values of long-wave iron lines (6750.158 to 10216.351 A) have been 
suggested.” 

Additional ultraviolet iron lines (2100.794 to 3383.980 A) have been suggested *® and 
only one or two confirmatory observations arc required to extend the secondary standards 
over a range of more than two octaves. 


185-188 For references, see p. 578. 


TABLE 615.—J VALUES FOR LEVELS IN TERMS HAVING ODD AND EVEN 
MULTIPLICITIES 


Values of J for — 


Terms Singlets Doublets Triplets Quartets Quintets Sextets 
S 0 Г/2 1 2/2 2 5/2 
р 1 1/232 012 1/2, 2/2,5/2 123 2257277/2 
р 2 3/2 52 А 222192. 372 45/2. 2/2 01234 1/2.3/225/297 724912 
F 3 5/2 772, 2,4447 542/27572-44270/2 12345 "42/2 5/2 Урану 2. 11/2 
С 4 7/2,9/2 845° 5/2,7/2,9/2.11/2 23456 3/2 92 2 > 2 11/2.13/2 


о 
a 
© 


TABLE 616.—TERMS FROM NONEQUIVALENT ELECTRONS 


Electrons Terms (omitting J values) 
55 or bes 
5) РАР 
ға МГ) 
фр карар ын 
фа ір D, ТЕ, ар. Јој зе 
аа i ІР, ар, 1R IG, ку рр. Емс 
ај ір, 1р), ЈЕ 1G, ІН, 24 29) эр, 8G, SET 
TE ХУ [2 1р) ЕС, prs Je ас, ар, Js) p CHAM 
etc. 
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TABLE 617.—IRON SECONDARY STANDARDS OF WAVELENGTH 
IN ANGSTROMS 





2447.708 3175.447 3565.381 3767.194 3922.914 4267.830 4647.437 5270.360 
2584.536 3178.015 3576.760 3787.883 3927.922 4271.764 4667.459 5307.365 
2635.808 3184.896 3581.195 3790.095 3930.299 4282.406 4678.852 5328.534 
2679.062 3191.659 3584.663 3795.004 3935.815 4285.445 4691.414 5341.026 
2689.212 3196.930 3585.320 3797.517 3940.882 4294.128 4707.281 5371.493 
2699.107 3200.475 3586.114 3798.513 3942.443 4298.040 4710.286 5397.131 
2723.577 3205.400 3589.107 3799.549 3948.779 4305.455 4733.596 5405.778 
2735.475 3215.940 3608.861 3805.345 3956.681 4307.906 4641.533 5429.699 
2767.523 3217.380 3617.788 3815842 3966.066 4315.087 4745.806 5434.527 
2778.221 3222.069 3618.769 3824.444 3967.423 4325.765 4772.817 5446.920 
2804.521 3225.789 3621.463 3825.884 3969.261 4337.049 4786.810 5455.613 
2813.288 3226.223 3631.464 3827.825 4005.246 4352.737 4789.654 5497.519 
2823.276 3239.436 3647.844 3834.225 4014.534 4358.505 4859.748 5501.469 
2832.436 3244.190 3649.508 3839.259 4045.815 4369.774 4878.218 5506.782 
2838.120 3257.594 3651.469 3840.439 4063.597 4375.932 4903.317 5569.625 
2851.798 3271.002 3669.523 3841.051 4066.979 4383.547 4918.999 5572.849 
2869.308 3284.588 3676.314 3843.259 4067.275 4390.954 4924.776 5586.763 
2912.158 3286.755 3677.630 3846.803 4071.740 4404.752 4939.690 5615.652 
2929.008 3298.133 3679.915 3849.969 4107.492 4408.419 4966.096 5624.549 
2941.343 3340.566 3687.458 3850.820 4114.449 4415.125 4994.133 5658.826 
2953.940 3347.927 3695.054 3856.373 4118.549 4422.570 5001.871 5662.525 
2957.365 3370.786 3704.463 3859.913 4121.806 4427.312 5012.071 (6027.057 
2965.255 3396.978 3705.567 3865.526 4127.612 4430.618 5041.759 6075.487 
2981.446 3399.336 3719.935 3867.219 4132.060 4442.343 5049.825 6136.620 
2987.292 3401.521 3722.564 3872.504 4134.681 4443.197 5051.636 6137.696 
2999.512 3407.461 3724.380 3873.763 4143.871 4447.722 5083.342 6191.562 
3037.388 3413.135 3727.621 3878.021 4147.673 4454.383 5110.414 6230.728 
3047.605 3427.121 3732.399 3878.575 4156.803 4459.121 5123.723 6252.561 
3057.446 3443.878 3733.319 3886.284 4170.906 4461.654 5127.363 6265.140 
3059.086 3445.151 3734.867 3887.051 4175.640 4466.554 5150.843 6318.022 
3067.244 3465.863 3737.133 3888.517 4184.895 4489.741 5167.491 6335.335 
3075.721 3476.704 3738.308 3895.658 4202.031 4494.568 5168.901 5393.605 
3083.742 3485.342 3748.264 3899.709 4203.987 4517.530 5171.599 6421.355 
3091.578 3490.575 3749.487 3902.948 4213.650 4528.619 5198.714 6430.851 
3116.633 3497.843 3758.235 3906.482 4216.186 4531.152 5202.339 6494.985 
3134.111 3513.820 3760.052 3907.937 4219.364 4547.851 5216.278 6546.245 
3157.040 3521.264 3763.790 3917.185 4250.790 4592.655 5227.192 6592.919 
3160.658 3558.518 3765.542 3920.260 4260.479 4602.944 5242.495 6663.446 

5250.650 6677.933 





Iron tertiary standards of wavelength.—The iron tertiary standards derived from 
diffraction-grating interpolation between secondary standards, and formerly adopted," have 
all been superseded by interferometer, or grating interpolated, values published in the 
M.I.T. Wavelength Tables (John Wiley & Sons, New York, 1939). 

Extreme ultraviolet standards of wavelength.—Provisional standards of wave- 
length in the extreme ultraviolet, measured relative to secondary and tertiary iron stand- 
ards in overlapping spectral orders, have been published; "? they include 57 carbon lines 
(1930.900 to 858.091 A), 23 nitrogen lines (1745.246 to 775.966 A), 25 oxygen lines 
(1306.038 to 580.974 A), and 10 argon lines (1066.660 to 871.099 A). 

Standard solar wavelengths.—The International Astronomical Union" has adopted 
7-figure standards of wavelength in the solar spectrum when two or more accordant values 
have been reported. These values have resulted mainly from interferometer measurements 
of solar-absorption wavelengths relative to neon or to iron secondary standards. The 
standards represent integrated solar light, are corrected for Doppler-Fizeau displacement, 
and are valid for standard air at 15°C and 760 mmHg pressure. In the long-wave region 
many of the solar spectrum standards originate in the terrestrial atmosphere as absorption 
by oxvgen or water vapor. 

In Table 618 the + sign following the symbol of an element indicates ionization; a sym- 
bol like Fe —, solar line too strong to be due to iron alone; Fe, Co, coincidences of like 
order; Fe Co, coincidence closer for preceding element; Fe — Co, Fe wavelength smaller, 
Co larger than solar line; an italicized element indicates a more prominent contribution 
and boldface a decidedly predominant element. 


189-191 For references, see p. 578. 
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TABLE 618.—STANDARD SOLAR WAVELENGTHS MEASURED IN AIR AT 15°С 
AND 1 ATMOSPHERE PRESSURE 


Origin Intensity 


À Solar Origin Intensity à Solar À Solar Origin Intensity 
3592.027 V + 2 4348.947 Fe 2 4832719 Ni—Fe 3 
3635.469 Т1 4 4365.904 Ее 2 4839.551 Ее 3 
3650.538 2 4389.253 Fe 2 4939.694 Fe 3 
3672.712 Fe $ 4398.020 У + 1 4983.260 Ке 3 
3695.056 Ее 5 4416.828 Fe+ 2 4994.138 Ее E 
3710.292 У + 3 4425.444 Са 4 5002.798 Ғе 2 
3725.4% Fe 3 4430.622 Fe 3 5014.951 Ее 3 
3741.065 Ті 4 4439.888 Fe ] 5028.133 Fe 2 
3752.418 Fe 3 4451.588 Мп 3 5079.745 Ее 4 
3760.537 Ее 4 4454.388 Ее 3 5090.782 Ее 5 
3769.994 Ее 4 4459.755 Ст— У 1 5109.657 Ее 2 
3781.190 Ее 3 4470 485 Ni 2 5150.852 Fe 4 
3793.876 Сг Ее 2 4481.616 Ее 1 5159.065 Ее 2 
3804.015 Ғе 3 4502.221 Мп 2 5198.718 Ке 3 
3821.187 Ее 4 4508.289 Fe+ 4 5225.534 Fe 2 
3836.000 Ti--CrV? 2 4512.741 Ti 3 5242.500 Fe 3 
3843.264 Ее 4 4517.534 Ее 3 5253.468 Fe 2 
3897.458 Fe— 4 4525.146 Fe 5 5273.389 Fe 3 
3906.752 Fe 3 4531.631 Fe 2 5288.533 Fe 2 
3916.737 Ғе 4 4534.785 Ti 4 5300.751 Cr 2 
3937.336 Ее 3 4541.523 Fe+ 2 5307.369 Ее 3 
3949.959 Fe 5 4547.853 Fe Ti 3 5322.049 Fe 3 
3953.861 Fe— 3 4548.770 Ti 2 5332.908 Fe 4 
3960.284 Fe— 3 4550.773 Fe 2 5348.326 Cr 4 
3963.691 Сг 3 4563.766 Ti + 4 5365.407 Fe 4 
3977.747 Fe 6 4571.102 Ме 5 5379.581 Fe 3 
3991.121 Cr—Zr+ 3 4571.982 Ti + 6 5389.486 Fe 3 
4003.769 Fe— Ti 3 4576.339 Fe+ 2 5398.287 Ғе- 3 
4016.423 Бе 2 4578.559 Са 5 5409.799 Сг 5 
4029.642 Fe—Zr+ 5 4587.134 Fe 2 5415.210 Fe 5 
4030.190 Fe 2 4589.953 Ti+ 9 5432.955 Ее— 2 
4037.121 2 4598.125 Ее 3 5445.053 Ее 4 
4053.824 ТІ + Ее 2 4602.008 Ее 3 5462.970 Ее 3 
4062.447 Ғе Б 4602.949 Ее б 5473.910 Ее 3 
4073.767 Fe 4 4607.654 Fe 4 5487.755 Fe 3 
4079.843 Fe 3 4617.276 Ti 3 5501.477 Fe 5 
4082.943 Mn 4 4625.052 Fe 5 5512.989 Ca 4 
4091.557 Ее 3 4630.128 Ее 4 5525.552 Fe 2 
4094.938 Ca 4 4635.853 Fe 2 5534.848 Fe+ 2 
4107.492 Fe 5 4637.510 Fe 5 5546.514 Fe 2 
4120.212 Fe 4 4638 017 Fe 4 5590.126 Ca 3 
4136.527 Ее 3 4643.470 Ее 4 5601.286 Са 3 
4139.936 Ее 4 4647.442 Ее 4 5624.558 Ее У 4 
4154.814 Fe 4 4656.474 Ti 3 5641.448 Ее 2 
4163.654 Ti-- Cr— Fe 5 4664.794 Cr Na 3 5655.500 Fe 2 
4168.620 FeFe+? 2 4678.172 3 5667.524 Fe 2 
4178.859 Ее + 3 4678.854 Ее б 5679.032 Ее 3 
4184.900 Ее, Сг 4 4683.567 Ее `3 5690.433 Si 3 
4191.683 Fe 3 4690.144 Fe 4 5701.557 Fe 4 
4198.638 Fe 3 4700.162 Fe 3 573158272 Fe 4 
4208.608 Fe 3 4704.954 Fe 3 5741.856 Fe 2 
4220.347 Ее 3 4720.999 Ее 2 5752.042 Ее 4 
4233.612 Ее б 4728.552 Ее 4 5760.841 Мі 2 
4241.123 Ее 2 4733.598 Fe j 5805.226 Хі 4 
4246.837 Sc + 5 4735.848 Fe 3 5809.224 Fe 4 
4257.661 Mn 2 4736.783 Ее 6 5816.380 Ее 5 
4266.968 Ее 3 4741.535 Бе 4 5853.688 Ва + 5 
4276.680 Fe Ti 2 4745.807 Fe 4 5857.459 Са 8 
4282.412 Ее 5 4772.823 Ее 4 5859.596 Ғе 5 
4291.472 Ее 2 4788.765 Бе 3 5862.368 Ее б 
4318.659 Са Ті 4 4789.658 Ее 3 5866.461 Ti 3 
4331.651 Ni 2 4802.887 Fe 2 5867.572 Са 2 
4337.925 Ti+ 4 4824.143 Crt—Fe 3 5892.883 Ni 4 

(continued) 
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TABLE 618.—STANDARD SOLAR WAVELENGTHS MEASURED IN AiR AT 15*C 
AND 1 ATMOSPHERE PRESSURE (continued) 


À Solar 


5898.166 
5905.680 
5916.257 
5919.054 
5919.644 
5927.797 
5930.191 
5932.092 
5934.665 
5946.006 
5952726 
5956.706 
5975.353 
5976.787 
5983.688 
5984.826 
6003.022 
6008.566 
6013.497 
6016.647 
6024.068 
6027.059 
6042.104 
6065.494 
6078.499 
6079.016 
6082.718 
6085.257 
6086.288 
6089.574 
6090.216 
6093:649 
6096.67 1 
6102.183 
6102.727 
6111.078 
6116.198 
6122.226 
6127.912 
6128.984 
6136.624 
6137.002 
6137.702 
6141.727 
6145.020 
6149.249 
6151.623 
6154.230 
6157.733 
6161.295 
6162.180 
6165.363 
6166.440 
6169.564 
6170.516 
6173.341 
6175.370 
6176.816 
6180.209 
5186.717 
6187.995 
6191.571 
6200.321 
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Origin Intensity 
Atm 
Fe 
Fe — 
Atm 
Atm 
Fe 
Fe 
Atm 
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À Solar 


6213.437 
6215.149 
6216.358 
6219.287 
6226.740 
6229.232 
6230.736 
6232.648 
6240.653 
6244.476 
6245.620 
6246.327 
6247.562 
6252.565 
6254.253 
6256.367 
6258.110 
6258.713 
6265.141 
6270.231 
6279.101 
6279.896 
6280.393 
6280.622 
6281.178 
6281.956 
6283.796 
6289.398 
6290.221 
6292.162 
6292.958 
6295.178 
6295.960 
6297.799 
6299.228 
6301.508 
6302.499 
6302.764 
6305.810 
6306.565 
6309.886 
6315.314 
6315.814 
6318.027 
6322.694 
6327.604 
6330.852 
0335.397 
6336.830 
6344.155 
6355.035 
6358.687 
6378.256 
6380.750 
6393.612 
6400.009 
6400.323 
6408.026 
6411.658 
6419.956 
6421.360 
6430.856 
6449.820 


Origin Intensity 


Fe 
Fe 


(continued) 
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À Solar 
6455.605 
6456.391 
6471.668 
6475.632 
6482.809 
6493.788 
6494.994 
6498.945 
6499.654 
6516.083 
6518.373 
6569.224 
6592.926 
6609.118 
6643.638 
6677.997 
6717.687 
6810.267 
6858.155 
6870.946 
6879.928 
6918.122 
6919.002 
6923.302 
6924.172 
6928.728 
6934.422 
6959.452 
6961.260 
6978.862 
6986.579 
6988.986 
7022.957 
7023.504 
7027.478 
7034.910 
7122.206 
7568.96 
7574.048 
7586.027 
7595.770 
7599.462 
7602.995 
7611.194 
7616.980 
7619.214 
7621.802 
7625.354 
7638.306 
7647.202 
7649.553 
7651.963 
7657.606 
7665.944 
7671.669 
7676.565 
7677.619 
7682.758 
7683.802 
7690.218 
7695.838 
7696.869 
7714.310 
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TABLE 618.—STANDARD SOLAR WAVELENGTHS MEASURED IN AIR AT 15*C 
AND 1 ATMOSPHERE PRESSURE (continued) 


X Solar Origin Intensity A Solar Origin Intensity À Solar Origin Intensity 
7727.616 М 5 8259.692 Авт 8 9073.134 Авт 1 
7748.284 Fe 6 8263.445 Atm 7 9074.306 Atm 7 
7751.116 Fe 2 8272.042 Atm 8 9092.482 Atm 5 
7780.568 Ғе 8 8279.600 Atm 9 9105.399 Atm 7 
7788.933 Ni 5 8300.408 Atm 10 9118.009 Atm 5 
7797.588 Ni 5 8304.300 Atm 6 9132.443 Atm 3 
7807.916 Fe?—Fe 4 8311.956 Atm 6 9140.457 Atm 1 
7832.208 Ее 9 8316.224 Atm 5 9150.800 Ат 1 
7836.130 АЛ 4N 8327.061 Fe 10 9175.249 Atm 5 
7864.437 Atm Z 8329.682 Atm 8 9178.534 Atm 3 
7885.014 Atm Ti 1 8333.584 Atm 5 9181.203 Atm 3 
7887.117 Авт 3 8342.290 Atm 3 9190.208 Atm 3 
7893.512 Atm 4 8349.162 Atm 4 9192.568 Atm 5 
7912.870 Fe 2 8357.040 Atm 6 9205.584 Atm 3 
7915.634 Atm 3 8362.302 Atm 5 9225.006 Atm 6 
7920.666 Atm 7 8367.331 Ат 6 9232.750 Atm 3 
7928.618 Atm 7 8376.381 Atm 4 9251.100 Atm 6 
7937.150 Ее 7 8394.020 Atm 3 9254.347 Atm 1 
7941.096 Fe. 2 8397.152 Atm 2 9275.072 Atm 2 
7945.858 Fe fi 8426.514 Ti 2 9289.856 Atm 2 
7958.492 Atm 7 8434.968 Ti 4 9301.910 Atm 5 
7971.522 Аїт 4 8439.581 Ее 5 9311.734 Авт 6 
7984.342 Atm 4 8468.418 Fe 9 9314.006 Atm 4 
7994.488 Ее 3 8471.744 Ее 2 9320.768 Atm 7 
8000.300 Atm 6 8514.082 Fe 7 0321.650 Atm 0 
8012.940 Atm 4 8515.122 Fe 5 9348.382 Atm 2 
8036.460 Atm 3 8526.676 Fe 3 9361.227 Atm 6 
8039.600 Atm 3 8556.797 Si 8N 9363.334 Atm 3 
8045.530 Atm 3 8571.807 Fe 2 9374.280 Atm 1 
8046.058 Fe 8 8582.271 Fe 6 9400.094 Atm 7 
8047.625 Fe 4 8595.968 Si 3N 9406.904 Atm 6 
8063.286 Atm 2 8598.836 Ке 3 9444.412 Atm 5 
8075.158 Fe 2 8611.812 Fe 7 9463.992 Авт 3 
8096.580 Atm 3 8613.946 Fe 1 9472.418 Atm I 
8103.165 Atm 1 8616.284 Fe 2 9476.754 Авт 4 
8107.842 Atm 4 8648.472 Si 10М 9478.884 Atm 0 
8118.910 Atm 2 8674.756 Ее 7 9483.970 Авт 1 
8125.445 Ат 3 8699.461 Fe 4 9486.042 Atm 7 
8133.209 Atm 2 8713.208 Fe 3 9504.434 Atm 3 
8139.718 Atm 3 8717.833 Mg? 7N 9507.742 Atm 1 
8146.213 Atm 5 8747.438 Fe 0 9512.630 Atm 5 
8147.188 Atm 5 8773.906 Al 6 9533.411 Atm 4 
8165.337 Atm 3 8784.444 Fe 1 9549.958 Atm 2 
8169.386 Atm 6 8790.454 Fe Si 6 9550.262 Atm 2 
8177.932 Atm 7 8793.350 Fe 6 9558.836 Atm 2 
8178.49] Atm 4 8824.234 Fe 10 0575.680 Atm 3 
8181.848 Atm 9 8866.943 Fe 9 9587.126 Atm B 
8194.836 Na 12N 8868.444 Fe 3 9598.870 Atm 7 
8200.694 Atm 6 8876.030 Fe 1 9601.170 Atm 3 
8207.749 Fe 4 8879.316 Atm 4 9624.496 Авт 3 
6212 152 Atm 5 8917.506 Atm 1 9629.997 Atm 1 
8218.114 Atm 10 8927.392 Са+ 7 9643.105 Atm 3 
8221553 Atm 6 8930.270 Atm 4 9651.932 Atm 2 
8225.688 Atm 5 8946.878 Atm 4 9664.646 Atm 6 
8229.762 Atm 8 8950.744 Atm 1 9686.386 Atm 3 
8233.906 Atm 8 8958.402 Atm 4 9694.588 Atm 0 
8234.628 Atm 3 8963.492 Atm 4 9700.139 Atm 2 
8237.341 Atm 5 8969.030 Atm 0 9708.922 Atm 6 
8239.132 Fe 2 8976.424 Atm 1 9730.638 Atm 4 
8239.924 Atm 4 8993.043 Atm 0 9755.979 Atm 0 
8248.137 Fe 4 9047.412 Atm С 9765.495 Atm 4 
8248.802 © 4 9052974 Ат 7 9768.637 Atm 2 
8252.727 Atm 6 9060.434 Atm 6 9776.818 Atm 3 

(continued) 
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TABLE 618.—STANDARD SOLAR WAVELENGTHS MEASURED IN AIR AT 15°С 
AND 1 ATMOSPHERE PRESSURE (concluded) 


À Solar 
9779.406 
9787.146 
9791.006 
0795.288 
9799.476 


Origin Intensity 


Atm 
Atm 
Atm 
Atm 
Atm 


Ма ~ м Сл 


A Solar 
9803.241 
9821.754 
9831.960 
9835.758 
9840.092 


Origin Intensity 
Atm 
Atm 
Atm — Ti 
Atm 
Atm 


3 
3 
4 
] 
—1 


2 


--1 


4 
1 


À Solar Origin Intensity 
9843.978 Atm 

9850.524 Atm 
9873.638 Atm 
9878.200 Atm Fe 
9889.050 Fe 


5 


Prominent lines in simple spectra of elements.—The more prominent lines, in 
simple spectra, easily excited with high intensity, are universally employed in spectroscopy, 
refractometry, polarimetry, spectrophotometry, interferometry, and metrology either to 
calibrate the wavelength scales of dispersing instruments or to make optical measurements 


at various wavelengths. 


A brief tabulation of the wavelengths most commonly used for 


these purposes is given in Table 619, where numerical values of wavelengths and approxi- 
mate relative intensities by elements are followed by graphical presentation (fig. 30). The 
spectral range is restricted to that easily observed photographically in air (2000 to 
10000 A). Values of wavelengths are quoted from the M.I.T. Wavelength Tables (John 
Wiley & Sons, New York, 1939) and relative intensities in individual spectra are estimated 
from arc spectrograms made at the National Bureau of Standards. 
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TABLE 619.——2WAVELENGTHS (IN ANGSTROMS) AND RELATIVE 


H 


E 


INTENSITIES OF PROMINENT LINES IN SIMPLE SPECTRA 


Wavelength Intensity 


6562.849 
6562.725 
4861.327 
4340.465 
4101.735 
3970.074 


7065.188 
6678.149 
5875.618 
5015.675 
4921.929 
4713.143 
4471.477 
4026.189 
3888.646 
3203.14 

3187.743 
2945.104 
2/99 92 

251122 

2385.42 


8126.52 
6707.844 
6103.642 
4971.990 
4602.863 
4132.29 
3232.61 
2741.31 


8194.811 
8183.270 
5895.923 
5889.953 
5688.224 
5682.657 
3302.988 
3302.323 


200 
100 
40 
15 


Mg 


A 


== 


Си 


Wavelength Intensity 


5183.618 
5172.699 
5167.343 
3838.258 
3832.306 
3829.350 
2852.129 
2802.695 
2795.53 


3961.527 
3944.032 
3092.713 
3082.155 
2660.393 
2652.489 
2575.100 
2567.987 


8521.441 
8424.647 
8408.208 
8264.521 
8115.311 
8103.692 
8014.786 
8006.156 
7503.867 
7067.217 
6965.430 
6871.290 
6752.832 
6677.282 
4200.675 
4158.590 
4044.418 
3948.979 


8092.634 
7933.130 


(continued) 


Cu 


Zn 


Wavelength Intensity 


5782.132 
5218.202 
5153.235 
5105.541 
4651.134 
4586.954 
4062.698 
4022.657 
3273.962 
3247.540 
2961.165 
2824.369 
2766.371 
2618.366 
2492.146 
2406.665 
2392.627 
2293.842 
2263.079 
2246.995 
2230.084 
2225.697 
2199.583 
2192.260 
2135070 


4810.534 
4722.159 
4680.138 
3345.572 
3345.020 
3302.941 
3302.588 
3282.333 
3075.901 
2138.56 

2061.91 

2025.51 


30 
100 
30 
15 
10 
8 
25 
20 
400 
800 
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TABLE 619.—WAVELENGTHS (IN ANGSTROMS) AND RELATIVE 
INTENSITIES OF PROMINENT LINES IN SIMPLE SPECTRA 
(concluded) 


Wavelength Intensity Wavelength Intensity Wavelength Intensity 


TABLE 620.—WAVELENGTHS OF FRAUNHOFER LINES 


Ne 9665.424 100 Ag 8273.519 30 Kr 9856.24 50 
9326.52 60 7687.779 15 9751.759 200 
9300.85 60 5471.551 50 8928.692 200 
9201.76 60 5465.487 100 8776.749 600 
9148.68 60 5209.067 50 8508.870 300 
8853.866 80 3382.891 400 8298.108 500 
8783.755 100 3280.683 800 8281.049 150 
8780.622 120 2437.791 4 8263.240 300 
8654.383 150 2413.184 2 8190.054 300 
8377.607 80 82902 600 
7438.899 80 К 7698.979 400 8104.364 400 
7245.167 200 7664.907 800 8059.504 150 
7032.4127 300 6938.98 8 7854.821 80 
6929.468 300 6911.30 4 7694.539 120 
6678.2764 400 4047.201 4 7685.246 100 
6506.5279 600 4044.140 8 7601.544 400 
6402.246 800 3446.722 3 7587.413 400 
6382.9914 500 5870.9158 300 
6266.4950 400 Са 8662.140 40 5570.2895 200 
6163.5939 250 8542.089 80 4463.6902 20 
6143.0623 600 6439.073 40 4376.1220 50 
6096.1630 400 6162.172 60 4319.5797 80 
6074.3377 300 5588.748 50 4318.5525 40 
5944.8342 400 4226.728 200 4273.9700 40 
5881.8950 250 3968.468 400 
5852.4878 800 3933.666 800 Hg 5790.654 10 
5400.562 50 5769.59 10 

Cd 6438.4696 20 5460.740 75 

КЬ 7947.60 400 6099.18 50 4358.35 50 
7800.227 800 5085.824 100 4046.561 25 
7757.651 50 4799.918 60 3650.146 50 
7618.933 50 3612.875 20 3131.833 10 
7408.170 20 3610.510 100 3131.546 10 
6298.327 40 3467.656 20 3125.663 15 
6206.309 30 3466.201 55 2967.278 30 
6070.751 10 3403.653 25 2536.519 600 
5724.453 20 3261.057 . 20 
4215.556 100 2288.018 900 
4201.851 200 2265.017 100 

2144.382 200 


For convenience of reference the values of the wavelengths corresponding to the Fraun- 
hofer lines usually designated by the letters in the column headed "Index letter," are here 
tabulated separately. The letters .r, y, and Z were assigned by Abney.” Except for Ds, 
the rest have been taken from Ніде’ s map of the normal solar spectrum. The data in 
columns 2, 3, and 4 are from the following sources: 


For A 101 0600, Babcock, H. D., and Moore, C. E., Carnegie Inst. Washington Publ. 579, 


For А 5063-6600 Revised Rowland Table, St. John, C. E., et al., Carnegie Inst. Washing- 
Пре 396, 1928, with additions and corrections by С. E. Moore, unpublished 
( n 

For à < 3062, Babcock, H. D., Moore, C. E., and Coffeen, M. F., Astrophys. Journ., vol. 
107, p. 287, 1948 (Mount Wilson Contr. No. 745). 


192 For reference, see p. 578. 


(continued) 
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TABLE 620.—WAVELENGTHS OF FRAUNHOFER LINES (concluded) 





Index Identi- Solar Solar Index ]denti- Solar . Solar 
letter fication wavelength intensity letter fication wavelength intensity 
y Atm 8987.65 10 С Fe Ti+ 4307.912 6 
M 8806.775 14 Ca 4307.747 3 
E Ca 4. 8662.170 23 Ca 4226.740* 204 
Xa Ca + 8542.144 25 h Hs 4101.748 40N 
23 Cac 8498.062 20 H Ca 4- 3968.492 700 
Z Atm 8226.962 (20) K Ca + Je 107 
А Atm O, 7593.695* 10 L Fe аи 
A Atm 7184.526 9 M Fe 3727.634 4 
с № Fe 3581209 30 
B Аїт О, 6867.187 4 
и АйпО, 6276,607% 24 2 Tit e 
О Ее 3286.772 7Х 
р; Ха 5895.940 20 Са dz 3181.276 3 
Di Na 5889.973 30 R Cam 3179.342 5d? 
р; НЕ залда | К Ее 3143.996 2 
е : Тї 3143.764 4 
Ее 5270.388 4 X; Б 3101.895 2 
E Ca 5270.268 3 5з Nj 3101.574 4N 
Fe 5269.550 8D Fe 3100.682 3 
bi Mg 5183.619 30 $ Ее 3100.325 4N 
bi Mg 5172.698 20 2 Fe 3099.987 3 
b Ее + 5169.050 4 Ее 3099.896 3 
М Ее 5168.908 3 5 Ее 3047.614 35 
Ь Ее 5167.508 5 Ее 3021.077 30 
: Mg 5167.328 15 Т Fe 3020.656 40 
F Hs 4861.342 30 Ее 3020.490 20 
0 H., 4340.475 20N t Fe Ni 2994.436 40 


* Band lines due to molecular oxygen in the earth’s atmosphere. The wavelength of the first line of 
the band is recorded here. 

t Laboratory wavelengths listed. He lines are conspicuous in the spectrum of the chromosphere. 

1 Rowland assigns the index letter ''g " to this line. 
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Series relations in atomic spectra.—The analysis of atomic spectra began in 1889 


when J. R. Rydberg first found that the wave number (number of waves per cm) оа 
spectral line could be represented as the difference between two numerical quantities that 


he called spectral terms. 


sorted singlet, doublet, and triplet terms that formed sequences of the form 


From the data of alkali and alkaltne-earth spectra Rydberg 


NEN 
(ии): 


where R is Rydberg's constant, 1 is an integer, and м а fraction. Rydberg also distin- 


guished between sharp, principal, and diffuse terms: 


the initial letters s, p, and d survive 


in spectroscopic notation today. To distinguish between successive terms оҒ а зег1е5, 
cardinal numbers (n) were prefixed to the literal symbols, and to distinguish between the 
components of doublet and triplet terms numerical subscripts were arbitrarily attached. 
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Thus the wave numbers of the yellow doublet of sodium were represented symbolically : 
а == 15 — грла. Моге than 30 years passed before these arbitrary symbols could be given 
any atomic interpretation. 

The concept of atomic energy levels was first clearly stated in 1913 by N. Bohr who 
postulated (1) that stationary atomic states exist, and (2) that the frequency of atomic 
radiation is proportional to the difference between two atomic energy states, hu = (Е, — 
Ез), the proportionality factor being Planck’s constant, k. By 1919 the accumulation of 
singlet, doublet, and triplet terms found in arc and spark spectra barely sufficed to suggest 
two general laws of spectral structures: (1) the alternation law which states that even and 
odd multiplicities alternate in successive columns of the periodic chart of the atoms, and 
(2) the displacement law which states that the spectrum of an ionized atom resembles 
that of the preceding atom but the analogous lines are displaced toward higher frequencies. 
Term multiplicities of atoms or ions are thus determined solely by the number of electrons 
in the atoms, whereas the atomic charge controls the position of the spectrum. These two 
facts suggested that electrons and protons were involved in the exegesis of atomic spectra. 

The more complex spectra resisted all attempts at interpretation until 1922 when M. A. 
Catalan deliberately set out to discover a new or more general principle in spectral struc- 
ture. He found in the arc spectra of chromium and manganese terms having five or six 
levels which combined to produce groups of lines that he called multiplets. In a few 
years thousands of terms were found in atomic and ionic spectra, and contemporaneously 
the present quantum theory of ztomic encrgy levels was developed. As a result of these 
developments the arbitrary symbols that empirical spectroscopy devised for the yellow 
doublet of sodium were replaced by the following : 


g —3'S,4—3'P?,;154 


Each and every item of this spectroscopic notation now has definite physical meaning in 
terms of a vector model of the Rutherford-Bohr atom which is assumed to consist of a 
minute but massive nucleus (composed of protons and neutrons) with one or more elec- 
trons circulating about it. The normal number of electrons in any atom is equal to the 
atomic number, Z : identical with the number of protons in its nucleus. 

Spectral lines result from changes in atomic energies defined by the positions of one or 
more optical electrons in successive shells and by their orbital and axial momenta, each 
of which is associated with an appropriate quantum number. In general, the first large 
change in atomic energy occurs when an clectron jumps from its normal shell, represented 
by the principal quantum number n, to another shell. These principal quantum numbers 
identify the successive shells of the periodic system and serve as coefficients to the spectral 
term symbols S, P, D, F,etc. If an electron is moved from its lowest value of n to n = œ 
the atom is ionized, and the voltage necessary to remove this electron is called the ionization 
potential. This ionization energy is expressed in wave number (cm) or in electron volts 
(ev) as in Tables 623 and 624. Increasing atomic energies are exhibited in absorption 
spectra, decreasing energies in emission spectra. 

After that due to a change іп л, {һе next largest change in atomic energy is usually 
one associated with orbital angular momentum symbolized by an azimuthal quantum 
number / having integral values 0, 1, 2, 3, - — - corresponding respectively to the empirical 
term symbols S, P, D, F, -- -. Electrons with /=0 are called s-electrons, those with 
| — 1, p-electrons, etc. These four / values and the first seven n values suffice to describe 
the normal electron configurations of all possible atoms and ions. When two or more 
optical electrons are present, their individual orbital momenta l. /;—---are added vec- 
torially to form a resultant £L which is restricted by quantum theory to integral values 
ranging in the case of two electrons from lı + l: to | — ђ |. The types of spectral terms 
resulting from various simple configurations of electrons are shown in Table 621. 


TABLE 621.—L VALUES AND SPECTRAL TERMS RESULTING FROM 
TWO ELECTRONS 


Electrons L Terms 
55 0 5 
Sp 1 [Р 
"m 012 SPD 
pd 172.3 P Е 
аа 01234 S PBF G 
df 12345 PDT CGH 
ff 0123456 ооо] 
(continued) 
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TABLE 621.—L VALUES AND SPECTRAL TERMS RESULTING FROM 
TWO ELECTRONS (concluded) 


A third contribution to the total energy of an atom or ion comes from the rotation of 
each electron about its own axis. This axial angular momentum is the same for all elec- 
trons; it is represented by the spin quantum number s = Y%. When two or more electrons 
are present the individual spin vectors 51, 52, – – — combine with each other to yield а 
resultant S, but (like L) the resultant spin S can take only certain discrete values, the 
maximum being obtained when all the individual spins are parallel, and the minimum 
being either one-half or zero according as the number of electrons is odd or even. Electron 
spins account for the splitting of most spectral terms into two or more components (called 
levels) and give a physical meaning to the subscripts attached to these levels. These sub- 
scripts are called inner quantum numbers; they are symbolized by J to represent the 
vector sum of L and S. The largest and smallest values of J result from simple addition 
and subtraction of L and S and all intermediate values of J that differ by integral amounts 


are allowed: 
= (2+5), (L-- $— 10), 


when L > S the number of permitted J values is 2S + 1, which fixes the term multiplicity 
R and underlies the alternation law, since the maximum multiplicity will be even or odd 
according as the number of electrons is odd or even. The S values and spectral-term 
multiplicities associated with numbers of optical electrons are displayed in Table 613. 

Because s = 14 for each electron the total angular momentum J of an atom or ion will 
have integral values for levels belonging to odd multiplicities, and half-integral values for 
levels if the term multiplicities are even, as shown in Table 615. 


TABLE 622.—TERMS FROM EQUIVALENT ELECTRONS 


Electrons Terms (omitting J values) 
s 15 
p 15, 1D, *P 
p гр. 2р) S 
d? 1 1р), iG, *P,*F 
d ғр ар), +D, °F, 1G 3H, ‘P, ‘F 
Р 157 Je af зр SE 3H 
etc. 





The actual types and multiplicities of terms arising from various configurations of 
optical electrons depend on whether the electrons are equivalent or nonequivalent, that is, 
have the same or different values of n and /. In any atom the maximum number of equiva- 
lent electrons is 2(2/ + 1), and no shell can contain more than two s electrons (5^), six f 
electrons (°), ten d electrons (d°) or fourteen f electrons (f'. In simple cases the 
spectral terms arising from nonequivalent electrons may be obtained from the L values 
of Table 621 and the S values of Table 613, as shown in Table 616. 

When the optical electrons are equivalent, the Pauli exclusion principle introduces sim- 
plifications, some of which are evident by comparing Tables 616 and 022. 

An important consequence of the Pauli principle is that closed shells, in which the maxi- 
mum number of equivalent electrons is present, have L= O and S =O and therefore 
may be ignored in deriving the terms given by any electron configuration. Furthermore, 
any subgroup that lacks one or more electrons to fill the group behaves spectroscopically 
as if the lacking electrons were present, except that the terms are, in general, regular 
(smallest J level has least energy) when the group is less than half filled but inverted when 
more than half filled. 

Each configuration (excluding single electrons and closed shells) yields many energy 
states, and the object of spectrum analysis is to determine (1) the numerical values of the 
energy levels, (2) the quantum numbers that characterize them, and (3) the electron con- 
figurations from which they arise. The wave number of each observed spectral line meas- 
ures the energy difference between two quantized states of an atom or ion, but, because 
the same level can in general combine with many others, the number of levels is usually 
much smaller than the number of classified lines. The combining properties of atomic 
energy levels are governed by simple rules. Thus all terms or levels of a given atom fall 
into two groups of different parity called even and odd according as the arithmetical sum 
of the / values of the optical electrons is even or odd (distinguished by the sign ° and by 
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level value in italics), and normally spectral lines are permitted only when terms of dif- 
ferent parity combine. Furthermore, an overwhelming majority of the transitions between 
atomic energy levels obey the following rules: 


= 0 
АГ = + | 
AJ = 0, + 1, excepting 0 to 0. 


In complex spectra, especially of heavy elements, intersystem combinations are observed 
for AR — 2:2, xc 4. Likewise, transitions for AL — 0 give strong multiplets, and transi- 
tions for which AL = = 2, X 3 are observed but usually only faintly. Violations of theAJ 
rule are extremely rare. Assignment of L values and electron configurations to energy 
levels implicitly assumes that LS coupling or interaction exists among the individual vec- 
tors. This means that the individual / vectors are strongly coupled to produce resultant L 
values of different energies, and the individual s vectors are also strongly coupled to pro- 
duce resultant S values. These L and S resultants are then less strongly coupled with each 
other to produce resultant J values. Other types of coupling such as JJ or JL are some- 
times met with and in such cases L loses all or most of its significance. Also when the 
levels of two like-parity configurations overlap or dovetail, it is practically impossible to 
distinguish the two configurations or choose the levels that belong to each. However, be- 
cause ES coupling holds for all the higher elements, predominates in many others, and is 
either accurately or approximately valid for the ground states of all atoms and ions, it 1s 
basic for the standardized notation for spectral terms. Thus, any atomic energy level or 
spectral term is symbolically represented by four quantities. (1) its principal quantum 
number n written as a coefhcient of the term-type symbol; (2) its type—S, P, D, F, etc.— 
where the capital letters stand for azimuthal quantum numbers or orbital angular momenta 
L — 0, 1,2, 3, etc., respectively ; (3) its inner quantum number or total angular momentum 
J= L +S, written as a subscript to the term-type symbol ; and (4) its multiplicity num- 
Бег, R=2S + 1, written as a superior prefix to the term-type symbol. In addition the 
parity, if the sum of p and f electrons is odd, is indicated by the sign ° attached like an 
exponent to the term-type symbol. 

For any given spectrum in which energy levels have been established, and in which 
LS coupling exists, it is possible to assign notation as well as electron configuration without 
ambiguity. Relative values of J are readily determined from the combining properties of 
the levels and the selection rule, AJ =0 Æ+ 1. In terms of odd multiplicity the absolute 
value of J is fixed by the absence of the transition 0 to 0 which is forbidden. In other cases 
the absolute value of J can often be deduced from the sum rule (the sum of the intensities 
of all the lines of a multiplet that belong to the same initial or final state is proportional to 
the statistical weight 2/ + 1 of the initial or final state respectively), or from the interval 
rule (the interval between two successive components, J and J +1, of a polyfold term 
is proportional to J + 1). The most decisive determination of J and L (excepting singlet 
terms) results from the observation of completely resolved Zeeman patterns since an ex- 
ternal magnetic field causes each energy level to be split into 2/ +1 sublevels and the 
splitting factors indicate L values. 

It is a consequence of atomic structure that long series of spectral terms of the same 
parity, L, S, J, but increasing n, are observed only in one-electron spectra, as for example 
to n = 79 in the first spectrum of sodium. Five- six- or seven-electrons provide so many 
configurations and competing levels that it is often exceedingly difficult to detect the 
second or any higher members of a spectral series. 

Quantum principles having thus specified the various spectral terms arising from cer- 
tain electrons, it became possible in 1925 to determine from identified terms the electron 
configurations of all atoms and tons. By 1950 the ground states of 82 species of neutral 
atoms and 75 singly ionized atoms had been uniquely determined from spectral structure. 
Besides disclosing the ground level and normal electron configuration of each atom or 
ion, the discovery of series relations in atomic spectra has given exact values for many 
ionization potentials which measure the forces with which the optical electrons are bound 
to atoms and ions. Furthermore, since the most intense radiations are usually associated 
with the largest L and J values of low-lying levels, the analysis of spectra has aided in 
selecting the strongest spectral lines characteristic of atoms and tons. In general, the 
strongest lines result from s<—> electron transitions, but do not necessarily end on the 
ground state. Because these data are of great importance їп spectroscopy, atomic physics, 
chemistry, and astrophysics, they are collected for neutral atoms in Table 623 and for 
singly ionized atoms in Table 624.’ 


193 For more detailed discussions of atomic spectra and complete compilations of atomic energy levels, 
see the list of references, page 585 
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TABLE 623.—SPECTROSCOPIC PROPERTIES OF NEUTRAL ATOMS 


The wavelengths of strongest lines exceeding 2000 A are valid for standard air, the 
remainder for vacuum. 





Normal Ionization 
Period Neutral electron Ground Spectral potential Strongest 
n atom configuration level multiplicities volts line, 
1 ІН 15' Son 2 13.595 1215.66 
2 Не is *So 1,3 24.580 584.33 
2 3 Li 23 Son 2 5.390 6707.85 
4 Be 25 *So 159 9.320 2348.61 
5 В 24 2р5 Р 2 8.296 2497.73 
ое 25; 2p? зр, 198 11.264 1657.01 
7 N 2522р" MU 2,4 . 14.54 1134.98 
80 25 255 зр, 193.9 13.614 1302.19 
9F 2s 20 *Р°,„, 2, 4 17.418 954.80 
10 № 25? 2p? *So 1,3 21.559 735.89 
3 11 Na 26 5% 5.138 5889.95 
12 Ме 35° *So 173 7.644 2852.13 
13 А1 35739. КЕ ом 2 5.984 3961.53 
14 51 3s Sp? Ро 1,3 8.149 2516.12 
15 Р 35? 3p? EOS 2,4 10.55 1774.94 
16 S 2527! "P, SS 10.357 1807.31 
17 СІ 35? 3p? Sp 2,4 13.01 1347.2 
18 A 35? 3p? Ad 179 15.755 1048.22 
4 19 K 4s! Son 4.339 7664.91 
20 Ca 45? 150 19 6.111 4226.73 
21 56 За 45° Diy, 2,4 6.538 5671.80 
22 Ti За? 45: ЗЕ, 10359 6:818 4981.73 
23 V За? 45? Fiy 2,4,6 6.743 4379.24 
24 Cr 34 48 15, 1-355 7 6.74 4254.35 
25 Mn 345 452 8 2,4,6,8 7.432 4030.76 
26 Fe За? 45° 5D, 1,3, 5,7 7.868 3581.20 
27 Со За 45° Е, 2,4,6 7.862 3453.50 
28 Ni 3d* 4s? 4 1,2,9 7.633 3414.76 
29 Си 34 4 5%, 2,4 7.724 3247.54 
30 Zn 4s? So 13 9.931 2138.56 
31 ба 4s? 4p! EDS 2,4 6.00 4172.06 
32 Ge 45° 4р? Р, 1,3 7.88 2651.18 
33 As 4° 40° 571% 2,4 9.81 1890.43 
34 Se 452 4р* 1P; 255 9.750 1960.91 
35 Вг 4s? 455 РЫ 2,4 11.94 1488.4 
36 Kr 424 15; 1,3 13.996 1235.82 
5 37 КЬ 35: Зои 4.176 7800.23 
-38 Sr 552 150 1,3 5.692 4607.33 
39 Y 4d' 5s? "Dix 2,4 6.377 5466.47 
40 Zr 44° 55? Е, 12975 6.835 4687.80 
41 МЬ 4d* 5s! По» 2,4,6 6.881 4058.94 
42 Мо 44558 15; 5.9.7 7.131 3798.25 
43 Тс 4d 55° 52% 4, 6,8 7.23 3636.10 
44 Ка 448 58 Е, 3,5,7 7.365 3498,94 
45 Ећ 4d? 5s! Fiy ,4 7.461 3434.99 
46 Ра 44° 15, 1:55 8.33 3404.58 
47 Ag Sst cM 2,4 7.574 3280.68 
48 Са 5 о 153 8.991 2288.02 
(continued) 
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TABLE 623.—SPECTROSCOPIC PROPERTIES OF NEUTRAL ATOMS 
(concluded) 


Normal Ionization 
Period Neutral electron Ground Spectral potential Strongest 

n atom configuration level multiplicities volts line, A 
49 In 55? 5p! “Ре 2,4 6.785 4511.32 
50 5п 55° 5р? ES 13 7.332 3175.04 
5] Sb 552 5р? ЭбХ 2,4 8.64 2068.38 
52 Те Be Op. Е 12275 9.01 2142.75 
53 | 55° 5р° Pry 2,4 10.44 1830.4 
54 Xe 55? 55^ 1S, ЕЕ; 12:127 1469.62 

6 55 Cs 6s! о 2 3.893 8521.10 
56 Ва s: т 1255 5.210 5535155 
57. Га 54 65 изд“ 2,4 5.61 6249.93 
58 Се m n. 2 2 5699.23 
59 Рг 4f 6s? 1°, 4 241 4951.36 
60 Ма 4f* 6s? 3 P 5 ub 4924.53 
61 Рт 5” "m 5% 22 е 
62 Sm 4f? 6s? ЈЕ, 7,9 5.6 4296.75 
63 Eu Af 6g "ли 6, 8, 10 5:67 4594.02 
64 Gd АҒ 5а 65? "D?; 7, 9, 11 6.16 4225.85 
65 Tb 27 M E. mo ae 
66 Dy 
67 Ho "m 
68 Er E 2 T A rs 
69 Tm арабу? 055 2 а 5675.83 
70 Yb 4f'*6s* 15% 1,3 6.2 3987.99 
71 Lu 54 бу” 0; 2 5.0 4518.57 
72 Hf 5d" 65° Зе, 1,3,5 5:5 3682.24 
73 Ta 543 6% Fin 4,6 17 2647.47 
74 W 5d' 6s? 58), БА 7.98 4008.75 
75 Ве Sd or Sin 4,6,8 7.87 3460.47 
76 Os 5d" 6s? 0; 3.57 8.7 2909.06 
77 Ir 5а“ б? “Б; % 4, 6 9.2 2543.97 
78 Pt 5d Os D; 1345 8.96 2659.44 
79 Ай 54%" бом 2 9.223 2427.95 
80 Нр 6s? “© 128 10.434 1849.68 
81 TI 65* 6p! гро,,, 2 6.106 5350.46 
82 Pb 65% 6)? ШІ. 1:9 7.415 4057.82 
83 Ві 65? бр" *S? A4 2,4 8 = 3067.72 
84 Ро Ж ES P Nm 2449.99 
85 At aS Bere ae ay ae 
86 Rn 65" бр" 15; 153 10.745 1786.07 

7 87 Fr ae ЪЗ n ER e 
88 Ra £52 15; | К 5.277 4825.91 
89 Ас Gd 75° Dig 2“ Lm M 
90 Th 6d? 7s? Е, 3,5 
91 Ра ET in I di 3: 
92 U 5} 6а! 75° gb 5,7 4 + 5915.40 
93 Мр 52 € an <: қ 
94 Ра 
95 Am 
96 Cm 
97 Bk 
98 Cf 
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TABLE 624.—SPECTROSCOPIC PROPERTIES OF SINGLY-IONIZED ATOMS 


The wavelengths of strongest lines exceeding 2000 A are valid for standard air, the 
remainder for vacuum. 


Normal Ionization 

Period Ionized electron Ground Spectral potential Strongest 

л аїот configuration level multiplicities volts line, А 

] 1 H* Pe 2) КБе т 22 

d 15 ri 13 75.6193 109.26 
2 З 5 15; ; : .99.26 
4 Be* 2s! *So% 2 18.206 3130.42 
5S Bt 20 15% 125 25.149 1362.46 
6 С* 25! 2p! роу, 2,4 24.376 1335.71 
ZONE 25 2p? аР; 12275 29.605 1085.74 
80* 25 2p? 1S Op 2,4 35.146 834.47 
9F* 2572 эр, 1,3,5 34.98 606.81 
10 Ме“ 2s? 2p* "Pn 2,4 41.07 460.73 
3 ЦЕ Ма 2s 2p? So 1,3 47.29 372.07 
12 Mg* 3s! о 15.03 2795.53 
13 А1: 2% 'So 153 18.823 1670.81 

14 Si Ы 25 3р' Роса 2 4 16.34 1817.0 
See 35° 3р? "Po 173,5 19.65 1542.32 
1658 Ss Sp" 4591, 2,4 23.4 1259.53 
IAS ар 0280 %% 

ы S° Sp и ; : : 
4 19 K* 35° 3р° 15% 1,3 31.81 600.77 
20 ce Е He A Son 2 11.87 3933.67 
21 5с; s! *Di 129 12.80 3613.84 
224115 3d* 4s! ‘Fig 2,4 13:54 3349.41 
а” За“ 5 1365 14.65 3093.11 
24 Сг” За“ "Sex 2, 4,6 16.49 2835.63 
25 Mn* 3d* 4s! 15; 2577 15.64 2576.10 
26 Ес” 3d? 4s! "Day, 2, 4, 6, 8 16.18 2382.04 
27:60 за Е, 25 17.05 2286.14 
28 Мі" Sq Day 2,4 18.15 2216.47 
29 Cu* заа os 1,3,5 20.29 2135.98 
30 Zn * 4s! ND 2,4 17.96 2025 51 
31 Са" 4s? So 1:3 20.51 1414.44 
32 Get 4s? 4p Расе 15.93 1649.26 
Ола“ 45° 4р? вр, 179 20.2 1266.36 
34 Ѕе * 452 4р? S 2,4 21.5 1192.29 
35 ВЕ“ 4s? 4p* ар, 1,325 21.6 1015.42 
5 УВ dege TG 275 2414. 
Rb * 54р 255 ; | 

38 Sr* 5s! Soy 2 11.026 4077.71 
39 Y * 55 165, 1,3 12.233 3710.29 
40 Zr* 4d? 5s Fiy 2,4 12.916 3391.98 
4] Nb* 4a‘ 5135 1,3,5 13.895 3094.18 
42 Mo* 4d* Say 4,6 ton 2816.15 
43 Те“ 44554 16; 57 p 2543.24 
44 Ru* 44 “Кі, 2,4,6 m 2402.72 
45 Rh* 4q? Е, 3.5 ad 2334.77 
46 Ра“ 4d? EDI 2,4 19.9 2296.53 
47 Ар“ 42% ©, 1,3 21.5 2246.41 
48 Са“ 5s! у 2,4 16.90 2144.38 

49 In* 5s? 16, I3 18.86 1586.4 
50 Sn* 55 50: ЭР? 2,4 14.6 2152.22 
51 Sb* 55? 5p? эр, 1,3 19 1606.98 
52 Те z 5s? 5p! б 2 4 21.5 1161.52 
зч Ss? 5p‘ ар, 14275 19.0 1233.97 
54 Хе" 5s 5p РУМ 2,4 21-2 1100.42 

(continued) 
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TABLE 624.—SPECTROSCOPIC PROPERTIES OF SINGLY-IONIZED ATOMS 





(concluded) 
Normal Ionization 
Period Ionized electron Ground Spectral potential Strongest 
n atom configuration level multiplictties volts line, A 
6 55 Cs“ 55 52" 5. 1,3 235 926.75 
56 Ва” 67 26, 2 10.00 4554.04 
5/ а“ 5а: °F, 1,3 11.43 3949.10 
58 Се” 4f. 6s! "На 2,4 Es 4186.60 
59 Pr* 4f 6s" “Ta 3,5 M 4179.42 
60 Nd* 4f* 65 "Tey 4,6,8 М 4303.57 
61 Pm* 4р бе ae a на A 
62 Sm* 4f* 6s! К 6,8 11.2 3568.27 
63 Eu* 4f' 6s* Si 7,9 11.24 4205.05 
64 Са" 46 65 54! “ры 6, 8, 10 12 3422.47 
65 Tb* m M у Ме сұ 
66 Dy* 
67 Ho* Ne . 
68 Ег* Ж. 6 m Pu 
69 Tm* ар В+ 1-3 n. 3848.02 
70 Yb* 4f'*6s! So% 2 12.10 3694.20 
71 Lu* 6s? 15, 1,3 14.7 2615.43 
72 Hf* 54 6s? "Diy 2,4 14.9 2641.41 
79 Tax 5d? 6s! °F; LoS 209, 2685.17 
74 У + 5d* 6s! "Dow 4,6 M. 2204.49 
75' Ке“ 54 65 15; в E SM 
76 Os* bee A В 
V Ir? E du E M P 
78 Ре“ 5d? Diy 2,4 18.54 1777.09 
79 Au* Ба 15, 1 20.5 1740.47 
80 Hg* бя с” 2, 4 18.751 1649.96 
ШТІ» 6s 15, | 3 20.42 1908.64 
8 82 Pb* 65 6p! ПР и 2,4 15.03 1726.75 
83 Ві" 65 6)? ар, 3 16.7 1902.41 
84 Ро * de m T a "T 
85 At* 
86 Rn* 92% w 
& Fr* ne A T 3 "T 
7 88 Ба” 74 Сон 2 10.14 3814.42 
89 Ac* 75 15, 153 Ps t 
90 Th* 6075 “Ға, 2,4 ay 4019.14 
91 Ра“ aes se "s D Dm 
92 U* SETS gi bar: 4, 6 e 3719.29 
93 Np* е 252 ee e wee 
94 Put аб РЕ РР FT 
95 Ат” M 6 an P 
96 Cm* 
97 Bk* 
98 Cf 
References for series relations in atomic spectra: Meggers, W. F., Journ. Opt. Soc. Amer., vol. 31, 
p. 44, 1941; vol. 31, p. 606, 1941. Pauling, L., and Goudsmit, S., The structure of line spectra, 
McGraw-Hill Book Co., New York, 1930. White, H. E., Introduction to atomic spectra, McGraw- 
Hill Book Co., New York, 1934. Herzberg, G., Atomic spectra and atomic structure, Dover Publiea- 
tions, New York, 1944. Condon, E. U., and Shortley, G. H., The theory of atomic spectra, Macmillan 


Co. New York, 1935. Bacher, R. F., and Goudsmit, S., Atomic energy states, McGraw-Hill Book 
Co., New York. 1932. Moore, C. E., Atomic energy levels, Nat. Bur. Standards Circ. 467, vol. 1, 
1949; vol. 2, 1952. 
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TABLE 625.—MOLECULAR CONSTANTS OF DIATOMIC MOLECULES * 


The energy, E, of a molecule is the sum of three contributions, the electronic energy, 
E., the vibrational energy, E», and the rotational energy, Er, i.e., 


Е = Е. + Е, + Е, (1) 


The electronic energy, E., gives the largest contribution and is entirely similar to the 
energy of atoms. Similar to S, P, D states of atoms, one distinguishes Z, II, А,... 
states of diatomic molecules depending on whether the electronic orbital angular momentum 
about the intei wuclear axis is 0, 1, 2 . . . in units of A/2-. Just as for atoms the resultant 
electron spin § determines the multiplicity (2S + 1) of the electronic state which is added 
to the term symbol as a left superscript. = states are designated Z* or Z^ depending 
on whether their eigenfunctions remain unchanged or change sign upon reflection at a 
plane through the internuclear axis. For molecules with identical nuclei (such as Na, Н» 
O,» ...) a subscript g or u indicates whether the eigenfunction upon reflection at the 
center remains unchanged or changes sign (e.g. ! Z;*, * Z,*, ! II, . . .). 

In each electronic state the molecule may have various amounts of vibrational energy. 
Quantum mechanics shows that for diatomic molecules the vibrational energy is given by 


ЕС =, (о — were (VES) IH... (2) 
where v is the vibrational quantum number which can assume the values 0, 1, 2, . . . and 
where в. is the (classical) vibrational frequency (in cm”) for infinitesimal amplitudes. 
The constant we re is small compared to we and is due to the anharmonicity of the vibration. 

If the vibrational energy is increased more and more, a point is reached at which the 
two atoms fly apart, that is, the molecule is dissociated. The dissociation energy, Deo, 
corresponds to the maximum of the function G (v) and can in many cases be determined 
from the spectrum. 

In each vibrational level the molecule may have various amounts of rotational energy. 
For diatomic molecules, in the simplest case (? ÈZ state), the rotational energy is given by 


—Р(ђ=вЈ(Ј+1)—... (3) 
where J is the rotational quantum number which may take the values 0, 1, 2, . . . and 


where By is the so-called rotational constant which is slightly different for different 
vibrational levels of a given electronic state: one has 


В, = В,— а (9 + 5) +... (4) 


Here a, is small compared to the rotational constant B, which refers to the equilibrium 
position. For B. one finds 


h 
В, — 8r? сите“ (5) 
та . К 
Неге и = д is the reduced mass of the molecule with mı and mz the masses of 
1 2 


the two atoms, and re is the internuclear distance in the equilibrium position. The product 
ure’ is the moment of inertia of the molecule; in other words, B., apart from universal 
constants, is the reciprocal moment of inertia. 

Each electronic state of a diatomic molecule is characterized by a certain set of values for 
the vibrational and rotational constants we, were, ..., Do, re, Be, ae, .... These con- 
stants have been determined for a large number of diatomic molecules in various electronic 
states from the analysis of band spectra. A comprehensive and up-to-date table may be 
found in “Molecular Spectra and Molecular Structure. I. Spectra of Diatomic Molecules,” 
by G. Herzberg (Van Nostrand. New York, 1950). The following table is an excerpt 
from the compilation just mentioned, but brought up to date, 1953. Here only the constants 
we, Do, and re for the ground states are listed and the type of the ground state is given. 
From r. the rotational constant Be can be obtained according to the formula (5) given 
above. DW corresponds to dissociation into normal atoms. The values are given in еу 
(electron-volts) where 1 ev corresponds to 8068.3 cm". The numbers on the element sym- 
bols give the mass numbers of the isotopic species to which the constants refer. When no 
mass number is given the data refer to the ordinary isotopic mixture. With the exception 
of the hydrogen molecule in each case only the data for one isotopic species are listed. 

More detailed explanation of the underlying theory, the methods of determination of 
these constants and references for each individual molecule may be found in the book 
already quoted. 





* Prepared by G. Herzberg, National Research Council of Canada. 
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TABLE 625A.—MOLECULAR CONSTANTS FOR THE GROUND STATES OF 
DIATOMIC MOLECULES 


The following symbols are used: ( ) Constants and symbols in parentheses are uncertain or of low 
accuracy. [ ] Constants in brackets refer to the lowest vibrational levels rather than to ПЕ equilibrium 
position. Such a value under we is the first vibrational quantum A G)/2=G (1) —G (0 ) = ше — 
2were+ ... 3 under re it is the effective value ro in the lowest vibrational level (v — 0), that is, it has 
been obtained from Bo rather than Be. * An asterisk in the column ''Type of state" indicates that it is 
doubtful whether the state whose constants are given is the ground state of the molecule. ¢ A dagger 
after a value under re indicates that it has been obtained from electron diffraction rather than from the 
spectrum of the molecule. { In a few cases several values of the dissociation energy are compatible with 
the available data. These values are grouped together by braces. 


Molecule Type of state we(cm-") D (ev) re(A) 
Ag "Br? CS) 247.72 2.6 
Ар сте (х) 343.6 3.1 
AgH' ist 1760.0 259 1.617 
А "p? Cz) 206.18 2.98 
AgO” 292 493.2 (1.8) 
AI” Br” po 378.0 (2.4) 2.295 
AIT CIS im 481.30 (3.1) 2.14 
ASSET is 814.5 (2.5) 
AI” H?! Ж 1682.57 < 3.06 1.6459 
(АР"Н:)' it (1610) 1.602 
AIT” D 316.1 (2.9) 
A170” D 978.2 (< 3.75) 1.6176 
As.” ЈЕ 429.44 ==3.96 
(Ав:%)% (2) 314.8 (2.4) 
As™N** D 1068.0 (6.5) 
AsO” = 967.4 =5.0 
Аш се (С> *) 382.8 (3.5) 
Au” H?! E 2305.01 3.1 1.5237 
B," 55 1051.3 (3:6) 1.589 
ВаВг" сы 193.8 (2.8) 
Ва' РС“ > 279.3 (2.7) 
ВаЕ” 52) 468.9 (3.8) 
Ван! у 1172 ==1.82 2.2318 
BaO" i» 669.8 р, 1.940 
Ва5 
ВОВЕ 1 * 684.31 (4.1) 1.89 
Все "S 839.12 (4.2) 1.716 
Ве°С1® 2227 846.58 (4.3) (1.7) 
BeF” Dr 1265.6 (5.4) 1.3614 
Вен! ims 2058.6 (2.2) 1.3431 
(BeH»* imt 22217 (3.2) 1.3122 
Beo" iy 1487.32 ето 1.3308 
ВЕ М 1400.6 (4.3) 1.262 
ББ iuf (2366) «3.51 1.2325 
(БЕН?) emt (2435) [1.2146] 
Bi," D 17271 1.70 
Bi"*Br? 209.34 2.74 
ҺІЗСІЗ 308.0 (3.0) 
БЕ” 510.7 (3.2) 
Вон: (0 *) 1698.9 (27) 1.809 
Ве" 163.9 (2.7) 
Bi, OF 702.1 (2.9) 
BN П * 1514.6 (5.0) 1.281 
ВО’ > 1885.44 (9.1) 1.2049 
Br?Br* Es 3222 1.971 2.284 
BrCl i» [430] 2.138 
Bron у 673 2.16 1.75555 
BrO” * 713 (2.2) 
C: *IT, 1641.35 (3.6) 1.3117 
Cabra ox 285.3 (2.9) 
Caci” Tt 369.8 ==2.76 (1.866) 
Саш” 225 587.1 23.15 ([2.02]) 
Сабт» > 1299 =1.70 2.0020 
(continued) 
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TABLE 625A.—MOLECULAR CONSTANTS FOR THE GROUND STATES OF 
DIATOMIC MOLECULES (continued) 


Molecule Type of state ше(ст-1) D (ev) «(А ) 
[Са Бр)" [1.73] 

Cal” (57) 242.) (2.8) 

бабо“ Poe 732.1 5.0 1.822 

CaS «5.2 

сс” П 846 

Са; 087 

СаВг * 230.0 (3.3) 

Cdcl* > 330.5 (2.8) 

CdF” (С>) (535) 

Сан" EE 1430.7 . .678 1.762 
(CdH^)* 5. 1775.4 (2.0) 1.667 

Саг" RS 178.5 (1.6) 

CdS 23.9 

CdSe «53,2 

СеО? * 865.0 (77) 

СЕ П 1308.4 (4.8) 1.27 
СЕЕ П 2861.6 3.47 1.1198 
ССН?) о [2739.54] 3.6 1.13083 
С,” Ул 564.9 2.475 1.988 

(СІ,45)“ eII * 645.3 (4.4) 1.891 
CICER? i» 786.3 2.616 1.62813 
CIO" * (780) 1.9 
CNS imt 2068.70 1.1718 

11.108 
co” P 2170.21 9.844 1.1282 
9.605 

(СО) Im 2214.24 (9.9) 1.1151 
CoCI * 421.2 
CoH? Q —4 (1890) [1.542] 
CoO” * (850) 

(DE Ts 1239.67 (6.9) 1.562 

CroO” * 898.8 44 

CS” ix 1285.1 (7.8) 1.534 

Cs, ^ 22151 41,990 .45 

Cs™Br 22% (194) ==3.9 [3.14] t 

Cs'^CI imt 299 2.88 

C"Se 2 1036.0 (6.8) 

CsF? ipe (270) 5.67 2.34 

Сені > 890.7 (1.9) 2.494 

Csi i 142 3.37: [3.41] t 

CsRb 49.4 

Cu; CSa) 160 ( .17) 

Cu" Br? РУ 314.10 (2.5) 

Сш |” it 416.9 (3.0) 

Си#Е” i» 622.7 (3.0) 1.743 
пен: у 1940.4 « 2.80 1.463 

(Cu"*H?)* m [1874] [2.27] 

Gust > 264.8 (3.0) 
СаО" se 628 49 
Е,» ФУ (892.,1 <1.63 1.418 f 
FeCI'5 Ж” 406.6 
Feo" 880 ==4.24 
Ga"Br* i» 263.0 (2.7) 
Ga*CI* i 365.3 =5.0 [2.21] 
Сатен i 623.2 (6.3) 
Ga*I' > * 216.4 =2.88 
СаО“ ES 767.69 (2.9) 
бао” Ж 841.0 (5.9) 

Вг П 296.6 (3.0) 
Ge™Cl* зП 406.6 (4.0) 

Tor П 665.: (4.9) 
Ge™o" ЈЕР 985.7 (6.9) 1.651 
Се'*5$# D 575.8 (5.6) 

(continued) 
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TABLE 625A.—MOLECULAR CONSTANTS FOR THE GROUND STATES OF 
DIATOMIC MOLECULES (continued) 


Molecule Type of state Qe (cm-1) Do? (ev) re( A) 
Се"5е% Ж” 406.8 (4.1) 

Ge“Te'™ 2” 323.4 (3.2) 

Н. EX. 4395.2 4.476 .7416 
leis E 3809.7 4.511 7414 
па: Ex 2853.8 4.570 (0.7416) 

Кы D 3118.5 4.554 (.7416) 
КІН? Emo" 3608.3 4.524 (.7416.) 
Hè D 2553.8 4.588 (.7416) 

СЕБЕ" ү. 2297 2.648 1.06 
Н'Вг т 2649.67 3.75 1.414 

[ЕЕ ВЕ)* "IT, 3.5 [1.459] 

acl i 2989.74 4.430 1.27460 

Е) * П, 2675.4 4.48 1.3153 
He; ME unstable 

(Не,9" PM (1627.2] (3.1) 1.08 
НЕ" m 4138.52 5.8 .9171 
Не; Sen (36) .060 9.3 
Не “Вг” (22) 186.2 .7 
Heci” p 292.61 1.0 [2.231 t 
HgFP (Z) 490.8 (1.8) 

Hg H’ а“ 1387.09 .376 1.7404 

(HgH?)* it 2033.87 (2.3) 1.594 
Hel (22) 125.6 = 20 
HgS = 
Нр5е ==2.7 
HgTl 26.9 (.031) 

HIT B 2309.5 2156 1.604 
ШІ) : 

“осе "II, <3.8 [1.35] 
І" xo^ 214.25 1.5417 2.667 
ERr” i» 268.4 1.817 
Peel” к 384.18 2:152 2.32070 
DES Er 610 1.98 
п Br” ae 221.0 ==3,3 [2.57]1 
Inscr po 317.4 224.54 2 32 
ШК" i 534.7 (5.7) 

ШЕ: it 1474.7 ==2.48 1.8376 
1051" > 177.1 =2.7 [2.86] 1 
Ino" уу 703.09 (1.3) 

ЈЕО + 687 (1.9) 

К,” ig: 92.64 514 3.923 

KBr i» 231 3.96 [2.94] 1 

КСІ у 280 4.42 (2.7911 

KF” it (390) 5.9 [2.55] 

K*H! i» 985.0 1.8, 2.244 
E D 212 »^ [3.23] 1 

Ва“ 2» 811.6 ( 

Li.” 22b 351.43 1.03 2 672 

Dr ET 52 

ІСІ e | 
Li's y+ (167) E 

1 =0. 

ГРН: iy + 1405.65 (2.5) 1.5953 
ІНІ»! Et 450 3.6 

LiK i (207) 

LiRb 5" (185) 

Luo" 841.66 (5.3) 

Mg”Br” (>) 373.8 ==3.35 

Мрнсте >,” 465.4 (3.2) 

Mg^*F^ > + 717.6 (4.2) [1.75] 
Mg^H! у + 1495.7 2.49 1.7306 

(Ме“Н!)* ly + 1695.3 (2.1) 1.649 
Мег" >’) [312] 
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TABLE 625A.—MOLECULAR CONSTANTS FOR THE GROUND STATES OF 
DIATOMIC MOLECULES (continued) 


Molecule 
Ме“ еш 
MgS 

Mn 55Р, 
Mns 5 
Мп#Е?” 
Mn*H' 
Marr” 
Mn*0* 


epp 

(O*H)* 
P; 
Pb; 
PbBr? 
РБСІ? 
РЬЕ® 
РЫН! 
PbI'* 
PbO” 
Pb™S? 
PbSe 


Type of state 


55 ж 
ж 

Z 
(2) 
(2) 

> 
(2) 
ж 
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«е(ст-1) 
785.1 
525.2 
289.7 
384.9 
618.8 


(615) 
1903.85 


1220.0 
1580.36 
1876.4 
2795.21 
[2955] 
780.43 


(continued) 


IN 


~ LN ON lm 
СО CO de а МО Со С Со 
Ne Nee Ne Na et е № 


№ 


V 
сы Сә 
СА 


у 
МЮ bba о ttr сю мл ФЗ 


7 ООО см СО ~ 4А 
Name Smee See” Naeem” wos 


re(A) 
1.749 


1.73075 


1.094 
1.116 
3.079 
[2.64] f 
[2.51] 1 


1.8873 
[2.90] 1 


1.038 


1.475 
1.1508 


1.20740 
1.1227 
.9706 
1.0289 
1.894 


1.839 


1.922 
2.395 


[1.433] 
1.4910 
1.447 


(2.8911 


2.367 
[3.26] 1 
1.889 
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TABLE 625A.—MOLECULAR CONSTANTS FOR THE GROUND STATES OF 
DIATOMIC MOLECULES (concluded) 


Molecule 


SnTe 
5-0“ 
Sibi. 
Srci® 
Sth 
SrH: 
Sr: 
Sro” 
SrS 
Te: 


Тео 


Tires 
о: 
SUBE 
TC I 
TIF” 
TIH! 
Tr 
Vao 
YbCi 
УОЛ 
Zi. 
ZnBr 
ZnCl* 
Zn 
ЕПА? 


Type of state 
Cz,) 


Cz) 
іу ж 


8I, 
2 + 
>> + 
> + 
15 + 
15 + 

(A) * 

бај 

Cz) 

(22) • 


a) + 
> + 
Cz)* 


TI 
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Qe(cm-1) 
391.77 
907.1 


937.2 


ро (еу) 
3.55 
(5.4) 


Nea ea. n ar sap, aA 


QN 


ёл Ко сул © оо о Ко СО зо оС Олбос) N 


Ne ee’ OO er er ee ә ФУМ 


re(A) 
2.16 


[1.603] 
1.520 
15/2 
1.510 
1.504 
1.929 


[1.782] 


2.1455 
1.921 
[2.59] t 


1.620 
[2.68] t 
[2.59107 


1.870 


[2.87] 1 
1.890 


1.5945 
1.515 


(1.416) 


902 TABLES 626-630.—THE ATMOSPHERE 


The atmosphere, with a total mass of about 5.3 x 10?! g (about one-mil- 
lionth the mass of the earth), extends 7,000-60,000 miles above sea level (de- 
pending upon the definition of the top) and for purposes of discussion may be 
divided into several regions or layers. From sea level up to about 10-15 km 
(the troposphere), about the next 30 km above this (the stratosphere), and 
the entire region above this (1.e., above about 40 km) is spoken of as the upper 
atmosphere. At heights above 80 km in the upper atmosphere strong ioniza- 
tion is found and thus this region is called the ionosphere. Again the iono- 
sphere may be divided into three or four layers; first, the E layer (about 100 
km) moderately tonized; next the F, layer (at about 200 km) more strongly 
ionized; the F, layer (about 300 km) much more strongly ionized. Above 
this, there is some recent evidence indicating an additional ionized region, 
the G layer (400-700 km). 

The following tables give some characteristics of the atmosphere as a 
function of the height above sea level. 


TABLE 626.—COMPOSITION OF THE AIR NEAR GROUND LEVEL !* 


Molecular 


Gas weight Percent per volume 
NIOBEN 22022222... 28 78.09 
(ЕНИ от оаа 32 20.95 
АРН... 2... 40 93 100.00 
CarbeBMioxide ................ 44 02 — .04 
Neon eo... m ERR МЕРЕТ 20.2 18 x 10° 
ЕЕ ПО лье О речное 4 53 Х 107 
Камал... 83 Lt x 10 
НЫ UO со. + о 2 Е 
УНИОН. cele о... 130 08 х 107 
ОПЕ ае. 48 .02 X 107*, increasing with altitude 
а с. ...... 222 / X105 decreasing with altitude 
Маге арог .....- 0 EE ee 18 .2 -- 4, variable 


94 Regener, E., The structure and composition of the stratosphere, No. 509, Headquarters Air Materiel 
Command, Wright Field, Dayton, Ohio, April 1946. 


TABLE 627.—COMPOSITION OF THE ATMOSPHERE UP TO THE F, LAYER, 
LATITUDE 45? 15 


Molecular Molecular 
Altitude Composition, weight of Altitude Composition weight of 
km 1 percent volume mixture, M km 1 percent volume mixture, M 
0 2105,78 N,.934 28.9 120 30.5 О, 69.5 №, 24.35 
50 180,82 Ni 28.66 300 30.5 О, 69.5 №, 24.35 
83 18 05,82 N; 28.66 (F; layer) 


195 Grimminger, G., Analysis of temperature, pressure and density of the atmosphere extending to 
extreme altitudes, p. 18, Rand Corporation, November 1948. 
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А standard atmosphere is defined by an altitude-temperature-pressure relation. It is an 
aeronautic necessity in valuating the performance of airplanes and for the calibration of 
instruments. The following standard has been officially adopted by the Army Air Corps, 
National Bureau of Standards, National Advisory Committee for Aeronautics, and the 
Weather Bureau. See Table 343. 





Altitude 
Meters 


0 
1000 
2000 
3000 
4000 
5000 
6000 
/000 
8000 
9000 

10000 
11000 
12000 
13000 
14000 
15000 


mmHg 
760.0 
674.1 
596.2 
525.8 
462.3 
405.1 
353.8 
307.9 
266.9 
230.4 
198.2 
169.7 
145.0 
124.0 
106.0 
90.6 


inHg 
29.92] 


26.54 
23.47 
20.70 
18.20 
15.95 
13.93 
12317 
10.51 
9.07 
7.80 
6.68 
5.71 
4.88 
4.17 
3.57 


kg/m? 
1.2255 
1.1120 
1.0068 
‚9094 
‚8193 
‚7363 
‚6598 
„5896 
15252 
.4664 


Ib/ft® 


.07650 
‚06942 
‚06286 
05678 
05115 
‚04597 
‚04119 
03681 
03279 
02912 
02577 
.02256 
.01929 
.01649 
.01410 
.01206 


Temperature 
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596 TABLES 631-640.—DENSITIES AND HUMIDITIES OF 
MOIST AIR * 


TABLE 631.—RELATIVE DENSITY OF MOIST AIR FOR DIFFERENT 
PRESSURES AND HUMIDITIES 


Part 1.—Values of ас {гот А — 1 to h — 9, for the computation of different values 


of the ratio of actual to normal barometric pressure 


This gives the density of moist air at pressure h in terms of the same air at normal at- 
mosphere pressure. When air contains moisture, as is usually the case with the atmos- 
sphere, we have the following equation for pressure term: h= B — 0.378p, where P is 
the vapor pressure, and B the corrected barometric pressure. When the necessary psy- 
chrometric observations are made the values of p may be taken from Table 640 and then 
0.378р о Table 632, or the dew point may be found and the value of 0.378p taken from 
Table 632. 








Examples of use of the table 
To find the value of 20, when h = 754.3 








h 760 

ћ 760 h = d gives И 
1 0013158 0 ^" .06578 
2 0026316 4.4 .005263 
3 0039474 3 000395 
4 0052632 754.3 992497 
5 0065789 == 

6 0078947 To find the value of a when h = 5.73 
7 0092105 h=5 gives .0065789 
8 0105263 7 E .0009210 
9 0118421 03 “ .0000395 


573 0075394 








Part 2.—Values of the logarithms digi for values of h between 80 and 800 


Values from 8 to 80 may be got by subtracting 1 from the characteristic, and from 0.8 to 
8 by subtracting 2 from the charactcristic, and sc on. 


Values of log 3 


д ЙДыЫ 
Һ 0 1 2 3 E 5 6 7 8 9 


80 1.02228 1.02767 1.03300 1.03826 1.04347 1.04861 1.05368 1.05871 1.06367 1.06858 
90  .07343 07823 .08297 08767 .09231 .09691 .10146 .10596 .11041 .11482 


100 1.11919 1.12351 1.12779 1.13202 1.13622 1.14038 1.14449 1.14857 1.15261 1.15661 
110 .16058 .16451 .16840 .17226 .17609 .17988 .18364 .18737 .19107 .19473 
120 .19837 20197 .20555 .20909 21261 .21611 .21956 .22299 .22640 .22978 
130 .23313 .23646 .23976 .24304 .24629 .24952 .25273 .25591 .25907 .26220 
140 .26531 26841 .27147 .27452 .27755 .28055 .28354 .28650 .28945 .29237 


150 1.29528 1.29816 1.30103 1.30388 1.30671 1.30952 1.31231 1.31509 1.31784 1.32058 
160 .32331 .32601 .32870 .33137 .33403 .33667 .33929 .34190 .34450 .34707 
170 .34964 .35218 .35471 .35723 .35974 .36222 .36470 .36716 .36961 .37204 
180 .37446 .37686 .37926 .38164 .38400 .38636 .38870 .39128 .39334 .39565 
190 .39794 .40022 .40249 .40474 .40699 .40922 .41144 .41365 .41585 .41804 


200 1.42022 1.42238 1.42454 1.42668 1.42882 1.43094 1.43305 1.43516 1.43725 1.43933 
210 .44141 .44347 .44552 .44757 .44960 .45162 .45364 .45565 .45764 .45963 
220 .46161 .46358 .46554 .46749 .46943 .47137 .47329 .47521 .47712 .47902 
230 .48091 .48280 .48467 .48654 .48840 .49025 .49210 .49393 .49576 .49758 
240 .49940 .50120 .50300 .50479 .50658 .50835 .51012 .51188 .51364 .51539 


196 The tables on densities and humidities have been adapted from the sixth edition of the Smithsonian 
Meteorological Tables, which see for more extensive data. 
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250 
260 
270 
280 
290 


300 
310 
320 
330 
340 


350 
360 
370 
380 
390 


400 
410 
420 
430 
440 


450 
460 
470 
480 
490 


500 
510 
520 
530 
540 


550 
560 
570 
580 
590 


600 
610 
620 
630 
640 


650 
660 
670 
680 
690 


700 
710 
720 
730 
740 


0 


51713 
.53416 
.55055 
.56634 
.58158 


1.59631 
.61055 
,62434 
63770 
„65067 


1.66325 
67549 
.68739 
.69897 
71025 


172125 
13197 
‚74244 
.75265 
.76264 


1.77240 
./8194 
‚79128 
„80043 
‚80938 


1.81816 
„82676 
83519 
84346 
„85158 


1.85955 
„86737 
„87506 
„88261 
‚89004 


1 89734 
‚90452 
91158 
91853 
92537 


1.93210 
.93873 
.94526 
95170 
95804 


1.96428 
97044 
97652 
98251 
98842 
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MOIST AIR FOR DIFFERENT 


7 for values of А between 80 and 800 


(continued) 


ЕКА ИА 


3 


ОЕБС 5205 ЕРЛІ 
93583 .53749 .53914 
55216. 5537/0 559585 
56789 .56944 .57097 
.58308 .58457 .58605 

1.59775 1.59919 1.60063 
61195 .61334 .61473 
.62569 .62704 .62839 
.63901 .64032 .64163 
.65194 .65321 .65448 

1.66449 1.66573 1.66696 
.67669 .67790 .67909 
.68856 .68973 .69090 
2200119870123 0970239 
201369 712477771356 

1.72233 1.72341 1.72449 
.73303 73408  .73514 
74347 .74450 .74553 
75366 .75467 .75567 
76362 .76461 .76559 

177330 1.77432 177528 
78289 .78383 .78477 
79221 .79313 .79405 
80133 .80223  .80313 
.81027 81115 51209 

1.81902 1.81989 1.82075 
82761 .82846 .82930 
83602 .83686 .83769 
.84428  .84510  .8459] 
85238m 85319 55390 

1.86034 1.86113 1.86191 
.86815  .86892 .86969 
87582 .87658 .87734 
.88336  .88411  .88486 
.89077  .89151  .89224 

1.89806 1.89878 1.89950 
00523 .90594 .90665 
91228 .91298 .9136/ 
> 1922 91990. 92059 
.92604 .92672 .92740 

1.93277 1.93343 1.93410 
.93939 .94004 .94070 
04591 .94656 .94720 
2529977 95297 95361 
25000 950200 95902 

1.96490 1.96552 1.96614 
97106 .97167  .97228 
07712. 07772 97822 
98310 .98370 .98429 
98900 .98959 .99018 
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4 


5 


1.52402 1.52573 
.54079 .54243 
.55604 .55852 
57250 .57403 
.58753 .59901 
1.60206 1.60349 
61611 .61750 
62973 .63107 
(64293 .64423 
65574 .65701 
1.66819 1.66941 
.68029 .68148 
69206 .69322 
70352 .70465 
71468 .71578 

1.72557 1.72664 
3010 73723 
74655 .74758 
75668 .75768 
60528 76755 

1.77624 1.77720 
78570 .78664 
79406 .79588 
.80403 .80493 
.81291  .81379 

1.82162 1.82248 
83015 .83099 
.83852 .83935 
84673 .84754 
85479 .85558 

1.86270 1.86348 
87047 .87123 
87810 .87885 
.88560 .88634 
80297 .89370 
1.90022 1.90094 
90735 .90806 
91437 .91507 
92128 .92196 
(92807 .92875 

1.93476 1.93543 
(94135 .94201 
94785 .94849 
954244 .95488 
96055 .96117 

1.96676 1.96738 
07288 .97349 
97892 .97951 
.98488 .98547 
909076 .99134 

(сопНписа) 


6 


1.52743 
.54407 
.56010 
07905 
„59048 


1.60491 
.61887 
.63240 
.64553 
.65826 


1.67064 
.68267 
.69437 
‚70577 
.7 1688 


1.72771 
.73828 
‚74860 
./5867 
.76852 


1.77815 
78750 
.79679 
.80582 
.81467 


1.82334 
.83184 
.84017 
.84835 
.85638 


1.86426 
.87200 
.87961 
.88708 
.89443 


1.90166 
.90877 
.91576 
.92264 
.92942 


1.93609 
.94266 
.94913 
95551 
‚96180 


1.96799 
97410 
98012 
‚98606 
99193 


7 


1.52912 


.54570 


.56167 


.57707 
.59194 


1.60632 


.62025 


.63373 
.64682 
.65952 


1.67185 
.68385 
09259 
.70690 
‚71798 


1.72878 
73932 


./4961 


13904 
.76949 


1.77910 
./8850 
9770 
.80672 
.81554 


1.82419 
.83268 
.84100 
.84916 
85717 


1.86504 
87277 


„88036 


„88782 
„89516 


1.90238 
‚90947 
.91645 
.92333 


93009 


1.93675 
94331 


94978 


95614 
96242 


1.96861 
97471 
98072 
98665 
РІ 


1.53081 
54732 
‚56323 
.57858 
.59340 


1.60774 
.62161 
.63506 
.64810 
.66077 


1.67307 
.68503 
.69668 
.70802 
.71907 


1.72985 
.74036 
.75063 
.76066 
.77046 


1.78005 
.78943 
‚79861 
‚80761 
‚81642 


1.82505 
50152 
‚84182 
‚84997 
„85797 


1.86582 
„87353 
88111 
„88856 
„89589 


1.90309 
.91017 
91715 
.92401 
.93076 


1.93741 
.94396 
95042 
25077 
‚96304 


1.96922 
97531 
-98132 
.98724 
99309 


9 


1.53249 
„54894 
„56479 
‚58008 
‚59486 


1.60914 
62298 
63638 
‚64939 
.66201 


1.67428 
.68621 
69783 
‚70914 
‚72016 


1.73091 
‚74140 
‚75164 
./6165 
‚77143 


1.78100 
79036 
70052 
‚80850 
517209 


1.82590 
83435 
„84264 
„85076 
„85876 


1.86660 
„87430 
„88186 
„88930 
„89661 


1.90380 
91088 
91784 
92469 
93143 


1.93807 
94461 
95106 
95741 
96366 


1.96983 
04592 
.98191 
98783 
99367 


598 
TABLE 631.—RELATIVE DENSITY OF MOIST AIR FOR DIFFERENT 
PRESSURES AND HUMIDITIES (concluded) 


Part 2.—Values of the logarithms Um for values of h between 80 and 800 


(concluded) 


h 
Values of log 760 


ЕЕ 
h 0 1 2 3 & 5 8 7 8 9 


750 1.99425 1.99483 1.99540 1.99598 1.99656 1.99713 1.99771 1.99828 1.99886 1.99942 
760 .00000 .00057 .00114 .00171 .00228 .00285 .00342 .00398 .00455 .00511 
770 .00568 .00624 .00680 .00737 .00793 .00849 .00905 .00961 .01017 .01072 
780 .01128 .01184 .01239 .01295 .01350 .01406 .01461 .01516 .01571 .01626 
790 01681 .01736 .01791 .01846 .01901 .01955 .02010 .02064 .02119 .02173 





TABLE 632.—DENSITY OF MOIST AIR, VALUES OF 0.378p 


h 
This table gives the humidity term 0.378), which occurs in the equation ô = ôo == 760 

В — 0.378 
yg odor the calculation of the density of air containing aqueous vapor at pres- 
sure p; ôo is the density of dry air at normal temperature and barometric pressure, B the 
observed barometric pressure, and й = В — 0.378р, the pressure corrected for humidity. 


h 
For values of == 0” see Table 631. Temperatures are in degrees centigrade, and pressures 


760 
in mmHg. 
р p b 
Vapor Vapor Vapor 
Dew pressure Dew pressure Dew pressure 
point (ice) 0.378p point (water) 0.378p point (water) 0.378p 
ec mmHg mmHg FEES mmHg mmHg y mmHg mmHg 
—50 .029 Е 0 4.58 173 30 31.86 12.0 
—45 ‚054 02 1 4.92 1.86 31 33.74 12.8 
--40 09% 04 2 5.29 2.00 32 35.70 13.5 
--35 .169 06 3 5.68 2.15 39 37.78 14.3 
--30 288 ll 4 6.10 251 34 39.95 15.1 
--25 480 18 5 6.54 2.47 35 42.23 16.0 
24 .530 .20 6 7.01 2.66 36 44.62 16.9 
25 .585 22 7 7.51 2.84 37 47.13 17.8 
22 646 ‚24 8 8.04 3.04 38 49.76 18.8 
21 712 27 9 8.61 3.25 39 52:51 19.8 
— 20 ‚783 ‚30 10 9.21 3 48 40 55.40 20.9 
19 ‚862 38 11 9.85 2/72 41 58.42 2221 
18 947 .36 12 10.52 3.98 42 61.58 233 
17 1.041 .39 13 11.24 4.25 43 64.89 24,5 
16 1.142 43 14 11.99 4.53 44 68.35 25.8 
—15 12252 47 15 12.79 4.84 45 71.97 221 
14 1.373 52 16 13.64 5.16 46 25.75 28.6 
13 1.503 57 17 14.54 5.50 47 79.70 30.1 
12 1.644 .62 18 15.49 5.85 48 83.83 317 
11 1.798 68 19 16.49 6.23 49 88.14 335 
—10 1.964 .74 20 12:55 6.63 50 92.6 35.0 
9 2.144 81 21 18.66 7.06 51 97.3 36.8 
8 2.340 ‚88 22 19.84 7.50 52225102:3 38.6 
7 2.550 .96 23 21.09 7.97 5381073 40.6 
6 2.778 1.05 24 22.40 8.47 54112 7 42.6 
— 5 3.025 1.14 25 23.78 8,99 55 1182 44.7 
4 3.291 1.24 26 25.24 9.54 56 1240 46.9 
3 3.578 1.35 27 20/7 10.12 57 13000 49.1 
2 3.887 1.47 28 28.38 10.73 58 136.3 51.5 
1 4.220 1.60 29 30.08 11 37 59 1428 54.0 
0 


4.580 1.79 30 31.86 12.04 60 149.6 56.5 
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TABLE 633.—MAINTENANCE OF AIR AT DEFINITE HUMIDITIES 


The relative humidity and vapor pressure of aqueous vapor of moist air in equilibrium 
conditions above aqueous solutions of sulfuric acid are given below. 


Vapor pressure Vapor pressure 
Density of Relative ще Density of Relative 

acid sol humidity 20°C 30°C acid sol humidity 20°C 30°C 
mm mm mm mm 

1.00 1000 17.4 31.6 1.30 58.3 10.1 18.4 
1.05 97.5 17.0 30.7 1.35 47.2 8.3 15.0 
1.10 93.9 16.3 29.6 1.40 37.1 6.5 11.9 
1.15 88.8 15.4 28.0 1.50 18.8 44 6.0 
1.20 80.5 14.0 25.4 1.60 8.5 1.5 27 
1.25 70.4 122 222 1.70 32 6 1.0 


TABLE 634.—PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE 
For various altitudes (barometric readings) 


The amount of water vapor in the atmosphere may be determined by the use of the 
wet-bulb-dry-bulb hygrometer. 

The first column gives the depression of the wet-bulb temperature żı below the air tem- 
perature ¢. The value corresponding to the barometric height at the altitude of observation 
is to be subtracted from the vapor pressure corresponding to the wet-bulb temperature 
taken from Part 3, Table 635. The temperature corresponding to this vapor pressure 
taken from Part 3, Table 635 is the dew point. The wet bulb should be ventilated about 
3 meters per second. For sea-level use Table 640, Example: ¢ = 35°, t: = 30°, barometer 
2 ПИЈЕ: Then 31.83 — 2.46 — 29.37 mm — aqueous vapor pressurc; the dew point is 

8.6° С. 


Barometric prcssure in cmHg 


74 72 70 68 66 64 62 60 58 56 54 52 50 48 
mm mm mm mm mm mm mm mm mm mm mm mm mm mm 
50.4 47 46 44 43 422 40 309 38 260 .55 24 732 
ПО ОШО Ш 82 52 80 772 75 772 0690007 70 
P47 mess) 13035 132 128 124 120) 1155112 1095 1.041100 боо 
1.97 1.91 1.86 1.81 1.75 1.70 1.65 1.60 154 1.49 1.44 1.38 1.33 1.28 
i ; 220 21922152905 199 1.928186 L30 то 1 
29582057 27080271 205 2524 247 229 2328224 2.16 201200 122 


~ 
| 
Е S7 


оо мо сл ьс 
~ 
A 
© 
N 
сә 
© 
to 
о 
N 


945056 326 317 308 2.00289 2380 22112.61 252 248) 212-424 

290380540372 5352 252 3420 3351 320 310 290 7258: 275026725250 

4.44 4.32 4.21 4.09 3.97 3.85 3.73 3.61 3.49 3.37 3.25 3.13 3.00 2.88 
10 4.94 4.81 4.68 4.54 4.41 4.28 4.14 4.01 3.88 3.74 3.61 3.48 3.34 3.21 
11 5.44 5.30 5.15 5.00 4.86 4.71 4.56 4.42 4.27 4.12 3.97 3.83 3.68 3.53 
12 5.94 5.78 5.62 5.46 5.30 5.14 4.98 4.82 4.66 4.50 4.34 4.18 4.02 3.85 
13 6.45 6.27 6.10 5.92 5.75 5.57 5.40 5.23 5.05 4.88 4.70 4.53 4.36 4.18 
14 6.95 6.76 6.58 6.39 6.20 6.01 5.83 5.64 5.45 5.26 5.07 4.88 4.70 4.51 
15 7.46 7.26 7.06 6.85 6.65 6.45 6.25 6.05 5.85 5.64 5.44 5.24 5.04 4.84 
ОЛ 05 15.75 7.54 7.32 7.11 6.89 0.68 6.46 6.24 603 581 560 538 517 
17 8.47 8.24 8.02 7.79 7.56 7.33 7.10 6.87 6.64 6.41 6.18 5.95 5.72 5.50 
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TABLE 635.—PRESSURE OF SATURATED WATER VAPOR FOR VARIOUS 
CONDITIONS OF TEMPERATURE AND SURROUNDINGS 
Pressure in mmHg, temperature in ^C 


Part 1.—At low temperatures over ice 





Temp 0 1 2 3 4 5 6 7 8 9 
--60 0081 0271 ‚0062 0054 0047: ..0041 0035 ‚0030 0026 .0023 
--50 ‚0295 0261 0222 ‚0203 0178 0157 ‚0138 0121 (0106 .0094 
--40 .0962 .0858 .0766 .0681 .0607 „0540 0479 0425 0377 2.0333 
--30 .2855 .2560 .2308 .2075 .1865 .1675 .1502 1337 1205 .1078 
—20 7740 ‚7030 ‚6380 ‚5780 .5240 .4790 .4290 .3880 3500 .3160 
--10 1.945 1.782 1.630 1.486 1.359 1.239 1.130 1.029 23600 .8510 

0 4,580 4.219 3.880 3.565 3.280 3.010 ° 2.765 2.531 2192277 21276 


Part 2.—At low temperatures over water 


Temp 0 1 2 3 4 5 6 7 8 9 
--10 2.148 1.983 1.832 1.690 1.556 1.434 1.319 (215 1.109 1 025 
0 4,580 4.260 3.968 3:072 3.410 3.160 2.930 2.712 2.510 ӘРІ 





Part 3.—Fcr temperatures 0° to 374° over water 


Temp 0 T 2 3 .4 49 6 „7 ‚8 .9 
0 4.580 4.615 4.648 4.685 4.712 4.750 4.784 4.820 4.855 4.888 
4.922 4.960 4.998 5.030 5.065 5.105 5.140 5.175 5.212 5.250 
2 5.289 5.328 5305 5.404 5.442 5.482 4.525 5.566 5.602 5.642 
3 5.680 5.720 5761 5.801 5.842 5.885 5.930 5:072 6.014 6.055 
4 6.095 6.139 6.182 9.123 6.270 6.314 6.358 6.401 6.445 6.490 
5 0.535 6.582 6.535 6.679 6.724 6.770 6.816 6.862 6.910 6.960 
6 7.010 7.058 7.106 й 155 7.204 7.254 7.306 7.356 7.408 7.460 
7 7.509 7.560 7.613 7.666 7.720 7772 7.823 7.875 7.929 7.984 
8 8.039 8.095 8.149 8.205 8.260 8.315 8.370 8.425 8.482 8.542 
9 8.605 8.670 8.726 8.782 8.838 8.900 8.960 9.020 9.080 9.140 
10 9.200 9.263 9.325 9.390 9.455 9.520 9.580 9.645 9.707 9.770 
1 9,835 9.901 9.965 10.032 10100 10.170 10.240 10.308 10.375 10.445 
12 10.518 10.580 10655 10.718 10.790 10.858 10.928 11000 11.075 11.150 
13 11.225 11.300 11.375 11.750 11.525 11.600 11.677 11.755 11.829 11.905 
14 11.980 12.060 12.140 12217 12.295 12.375 12.455 12.538 12.620 12.698 
15 12776 12.860 12.945 13025 13.110 13.195 13280 13.365 13.450 13.540 
16 13.625 13.710 13.801 13.895 13.985 14075 14165 14.255 14.345 14.440 
17 14.530 14.620 14710 14.800 14.895 14.990 15.085 15.172 15.270 15.375 
18 15.460 15.560 15.660 15.760 15.960 15.960 16.060 16.160 16.260 16.360 
19 16.460 16.570 16.680 16.790 16.900 17.000 17.100 17.210 17.315 17.425 
20 17.525 17.635 17.745 17.855 17.965 18.080 18.195 18.310 18.425 18.540 
21 18.650 18.765 18.880 19.000 19.110 19.225 19.345 19.460 19.580 19.700 
22 19.820 19.940 20.060 20.185 20.310 20.430 20.580 20.690 20.800 20.930 
23 21.050 21.190 21.320 21.450 21.580 21.710 21.840 21.970 22.100 22.230 
24 22.365 22.500 22.630 22.763 22.905 23050 23.190 23.310 23.450 23.600 
25 23750 23900 24.030 24.200 24.345 24.490 24.640 24.790 24.935 25.080 


Тетр 0 1 2 3 - 5 6 7 8 9 
20 1750 18.65 19.82 21.05 22.37 2375 25.21 26.74 28.32 30.03 
30 35192 33.70 35.69 17.71 39.15 42.20 44.60 47.04 49.70 52.45 
40 55.30 58.35 61.50 64.85 68.30 71.90 75.65 79.55 83:00 88.00 
50 9200 97.25 1021 107.1 113.0 118.0 123.9 129.9 136.2 142.6 
60 149.4 156.3 163.9 17427 179.4 187.6 196.1 205.0 214.1 223.8 
70 308.5 243.2 252.2 265.9 275.2 289.1 301.5 314.2 327.3 340.9 
S) 3552 369.7 384.8 400.6 416.5 439.8 450.8 468.6 487.0 506.0 
U) 525.5 546.5 567.0 588.5 610.8 634.0 658.0 682.0 707.0 733.0 

100 767.0 786.5 815.5 845.0 875.1 906.0 937.8 970.5 10042 1038.8 


(continued) 
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TABLE 635.—PRESSURE OF SATURATED WATER VAPOR FOR VARIOUS 
CONDITIONS OF TEMPERATURE AND SURROUNDINGS (conciuded) 


Temp 0 1 2 3 4 5 6 7 8 9 
110 1074 1111 1149 1187 1227 1268 1310 1359 1397 1442 
120 1489 1536 1585 1636 1687 1740 1794 1850 1907 1965 
130 2025 2086 2149 2214 2280 2347 2416 2487 2550 2633 
140 2709 2786 2866 2947 3030 3115 3201 3290 3381 3473 
150 3568 3665 3763 3864 3967 4072 4180 4290 4402 4516 
160 4632 4751 4873 4997 5123 3252 5383 5518 5654 5794 
170 5936 6080 6228 6378 6532 6688 6847 7009 7174 7342 
180 7513 7688 7865 8046 8230 8417 8608 8802 8999 9200 
190 9404 9612 9823 100404 10260 10480 10700 10940 11170 11410 
200 11650 11800 12144 12400 12650 12920 13180 13450 13730 14010 
210 14290 14580 14870 15160 15470 15770 16080 16400 16720 17040 
220 17370 17710 18050 18390 18740 19100 19450 19820 20190 20560 
230 20950 21330 21720 22120 22520 22930 23350 23770 24100 24620 
240 25060 25500 25950 26410 26870 27344 27810 28290 28780 29270 
250 29770 30280 30790 31310 31830 32360 32900 33450 34000 34560 
260 35130 35700 36280 36870 37470 38070 38680 39300 39920 40560 
270 41200 41840 42500 43160 43840 44520 45200 45900 46600 47320 
280 48040 48760 49500 50250 51000 51770 52540 53320 54110 54910 
290 55710 56530 57360 58100 59040 59890 60750 61620 62510 63400 
300 64300 65210 66130 67060 68000 68960 69920 70890 71870 72860 
310 73870 74880 75910 76940 77990 79050 80120 81200 82290 83390 
320 84500 85630 86760 87910 89070 90250 91430 92630 93840 95060 
330 96290 97530 98790 100060 101350 102640 103950 105280 106600 108000 
340 109300 110700 112100 113500 114900 116300 117800 119200 120700 122200 
350 123700 125200 126800 128300 129900 131400 133000 134600 136300 137900 
360 139600 141200 142900 144600 146300 148100 149800 151600 153400 155200 
370 157000 158800 160700 162600 164400 — — — — — 
TABLE 636.—WEIGHT IN GRAMS OF A CUBIC METER OF SATURATED 
AQUEOUS VAPOR 
Temp 
°С 1 2 3 4 5 6 7 8 9 
—20 1.074 988 909 ‚836 ‚768 .705 646 597 .542 .496 
—10 2.358 2.186 2.026 1.876 1.736 1.605 1.483 1.369 1.264 1.165 
— 0 4.847 4,523 4.217 3.930 3.660 3.407 3.169 2.946 2737 2.541 
+0 4.847 5.192 5.559 5.947 6.360 6.797 7.260 7.750 8.270 8.819 
+10 9399 1001 10.66 11.35 12.07 12.83 13:69 14.84 15:97 16.21 
+20 17.30 18.34 19.43 20.58 21.78 23.05 24.38 299 27.24 28.78 
+30 30.38 32.07 33.83 35.68 37.61 39.63 41.75 43.96 46.26 48.67 
For higher temperatures see Table 166. 
TABLE 637.—WEIGHT IN GRAINS OF A CUBIC FOOT OF SATURATED 
AQUEOUS VAPOR 
Temp 
°F 0 1 2 3 4 5 6 7 8 9 
—20 219 .208 .198 .188 ‚179 ‚170 ‚161 153 ‚146 .138 
—10 1955 3939 529 .308 .293 .280 .266 .254 .242 .230 
-- 0 .563 .540 S .492 .469 448 428 408 ‚390 .372 
+ 0 .563 .587 .614 642 ‚671 ‚701 5/22 768 ‚799 834 
+10 .870 ‚908 947 988 1.030 1.074 1.119 1.166 1.215 1.265 
+20 1.318 1-575 1.431 1.488 1.548 1.612 1.676 1.746 1.815 1.886 
+30 1.961 2.038 2.118 2.200 2.285 2375 2.466 2.558 2.656 2.755 
+40 2.862 2.970 3.081 3.195 $315 3.438 3.563 3.691 3.822 3.965 
+50 4.105 4.256 4.410 4.565 4.722 4.890 5.060 5:208 5.420 5.608 
+60 5.805 6.000 6.195 6.410 6.628 6.855 7.080 7-914 7.560 7.810 
+70 8.060 8.325 8.600 8.880 9,165 9.460 9.765 10.075 10.390 10.720 
--80 11.06 11.40 11.76 12:12 12:30 12.87 13:27 13.70 14.09 14.52 
+90 14.96 15.41 15.98 16.34 16.84 17:32 17.82 18.34 18.90 19.39 
+100 19.96 20.55 2115 2175 27:35 23.05 23.65 24.32 24.98 25.68 
+110 26.35 27.17 27.90 28.62 29.40 30.20 31.00 31.85 32.68 3355 
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TABLE 638.—RELATIVE HUMIDITY FOR VARIOUS PRESSURES AND 
DRY-BULB TEMPERATURES 


Vertical argument is the observed vapor pressure which may be computed from the 
wet-bulb and dry-bulb readings through Tables 634 or 640. The horizontal argument 1s 
the observed air temperature (dry-bulb reading). 





Vapor 
pressure 


mmHg O0 —1 -—2 —3 —4 


pa uc 777 8 
S0 SES 13 94 15 


ЕТТІ 19 220 22 24 
ШО 25€ 25 27 29 32 
mo 283231 33 36 9 
150 35 37 40 43 46 
175 40 43 46 48 53 
200 45 48 52 56 60 
Z225 УЫ 54 5 63 65 
Zou) Sa 60 65 70 75 
poo ОШ 06 71 76 81 
300 67 72 78 83 88 
325 /2 78 94 90 96 


050710 84 % 97 
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mmHg 0 1 2 3 4 
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Air temperatures, dry bulb, °C 
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TABLE 638.—RELATIVE HUMIDITY FOR VARIOUS PRESSURES AND 
DRY-BULB TEMPERATURES (continued) 


Vapor 
pressure 
mmHg 20 21 22 23 24 


Vapor 
mmHg 40 41 42 43 44 
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TABLE 638.—RELATIVE HUMIDITY FOR VARIOUS PRESSURES AND 
DRY-BULB TEMPERATURES (concluded) 


Vapor Air temperatures, dry bulb, °C 

f ee ee ee eee Te Oo 
ин 40 41 42 43 44 45 46 47 АВ 49 50 51 52 53 54 55 56 57 58 59 60 
55 ію 95 90 86 82 78 74 71 68 65 62 59 56 54 51 49 47 45 43 41 39 
60 .. .. 97 93 88 84 80 77 73 70 67 64 61 58 55 53 51 49 47 45 43 
65 .. .. .. .. 9691 87 83 79 75 72 69 65 62 60 57 55 52 50 48 46 
70 te .. .. .. .. 98 93 89 85 81 77 74 70 67 64 61 59 56 54 52 49 
75 2005299 A. « .. 100 95 91 86°83 79 75 72 69 06 03 00. 595 55852 
80 So са ee wees .. 96 91 87 83 80 76 72 69 66103 GL 58556 
85 97 92 88 84 81 77 74 70 67 64 62 59 
90 Tm. vm. os cs m B. NES 90.925089 .854508] 78.74 A 687 635802 
95 -. mmHg 57° 58 59 60°.. .. К. Ж . 97 95 80755 82278775 71 65805 
100 ..125 96 92 88 9:4,.,.,. 7. . 99 9499 56 82 78 75 72209 
105 13) 96 92 88 .. .. a. .__.. . 94 90/186 82 78 758872 
110 25352 50996501, 7872 7 но 94 89.85 92 724 о 
115 40:77. 994, Ж. ПО С Be oe 97 93 59 85: слив 
120 Ы 7.22 97,022. 7 ш ЖШ 07-03 60 2 


125 СС м с А Ш. 96 92 88 


TABLE 639.—RELATIVE HUMIDITY, WET AND DRY THERMOMETERS 


This table gives the relative humidity direct from the difference between the reading 
of the dry (¢°C) and the wet (4:°C) thermometer. It is computed for a barometer reading 
of 1000 mb. The wet thermometers should be ventilated about 3 meters per second. Changes 
due to different pressure can be calculated from the data given in Tables 634 and 640. 


Temperatures of dry thermometer, t° 


(19-19) -15 -10 -5 0 5 СІ 10 15 20 25 30 35 40 
2 92 94 05 96 07 22 94 95 9% 96 97 97 97 
4 84 89 91 92 95 1.0 80 90 92 93 93 94 94 
5 80 86 59 91 93 1.5 83 86 88 89 90 91 91 
6 76 82 88 90 92 2.0 77 81 83 85 86 88 89 
8 68 77 83 87 89 25 22 76 80 92 83 85 6 

10 60 71 78 83 86 3.0 67 72 75 78 80 62453 
12 52 65 74 80 84 3.5 6l 67 72 75 77 ТЖ 
14 43 59 72 76 81 4.0 56. 63 68 71 74 | лоши 
1.5 39 56 67 74 80 4.5 51 58 64 68 71 73 76 
Во 0-5 52 6055 722 78 50 46 54 60 65 68 ПШ 
18 27 49 61 69 75 6 36 46 53 58 62 65 68 
2.0 18. 41 56 65 72 7 2 38 46 52 57 60 63 
25 27 46 58 66 8 15 29 39 46 51 5520 
3.0 10:935. — 50 60 9 5 21 32 40 46 51 54 
9:5 24 41 53 10 13 25 34 41 46 5 
4.0 12 33 47 11 5 11 30 36 42 46 
4.5 25 40 12 13 23 31 37 43 
5 16 34 13 18: 29 3238 
6 21 14 13. 25 29 34 
7 8 15 Ө 19 ӘКІ 
16 13 216562 
17 Е 9 18 24 
18 E eut 5 14 2l 
19 : 3 10 18 
20 bo. 56 2 7 14 
22 ui save г. 11 
24 D а 9 
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TABLE 640.—PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE: 
SEA LEVEL 


This table gives the vapor pressure corresponding to various values of the difference 
t — ty between the readings of dry-bulb and wet-bulb thermometers and the temperature ft: 
of the wet-bulb thermometer. The difference t — t, is given by two-degree steps in the top 
line, and ^4; by degrees in the first column. Temperatures in Centigrade degrees, vapor 
pressures in millimeters of mercury are used throughout the table. The table was cal- 
culated for barometric pressure B equal to 76 cmHg. A correction is given for each 
centimeter at the top of the columns. Ventilating velocity of wet thermometer about 3 
meters per second. 





IY 


t =0° 2° 42 6? 8° 10° 12: 14% 169 189 20* Differ- 

В епсе 
Corrections for 

or 0.1° in 
percmHg .013 .026 .040 .053 .966 | .079  .092  .106  .119  .132 t-h 
—10 1.96 97 — -- 050 
— 2 2 d T. — Example .050 
= aa и (= 17255 — 100) — | 


ШК е? 


— 6 278 178 79 From table: 617 —12x 0.050 — 5,57 050 
= 07 № 


е И 


Be 201103 оз For B. 15 S 048 = 050 
— 4 Mo 222 122 29 2 050 
— 3 358 258 158 .58 ence p = 5.64 75 
— 2 297 269 15 .88 - — = == = — 050 
ӘСЕ 22 2001 121 КЕ ——' 2. x Э 
СИЕ + — LO од 
1 492 392 292 1.91 91 — — — = == — 121 
НІ > 127 26 — 22 775 
ИР ШУО 266 15 65-2: ._ 750 
2 UM 0008 307 27 16 605 — — = 50 
К И лан Бе | а о 21 10 49 — — - - 7 
ТІ со 25 207 19 95 — - | — | (0 
ЗЕ 15072515 43 S O 
m 22200 51 (ІІ 25 19 6-2 - 75 
ИЕ Б 22 10 іЛ 25 152 50,22 ~~. Sense 
ШЕЛІ 20075 (55 7М 3р 2П 19 08 = (0 
ШЕ “а 50 55 477 375 2.73 12 20 = | 05 
ОЛ 950050 /2 СІБИ 12 30 238 137 35 005] 
ІН ПОЛ кїз 710 ОП 55 411 309 207 105 (00 
14 1199 1097 995 893 791 690 5.88 486 3.84 292 180 05 
158932720 710 2280075 905 871 769 667 565 463 361 250 1 
16 1364 1262 1160 10.58 905 853 7.51 649 547 445 343 .051 
17 1454 13.2 1249 1147 1045 942 840 7.38 636 533 431 051 
18 1549 1446 13.44 1242 1130 1037 934 832 730 627 5.25 05 
19 1649 1546 1444 1341 1229 11.36 1034 9.31 820 726 6.24 051 
2551652 1550 14474 1344 1242 1120 1026 924 ӨЗІ 720 (51 
21 1866 17.64 16.61 15.58 1456 1253 12.50 11.47 10.45 9.42 839 051 


22 19.84 18.82 17.79 16.76 15.73 14.70 13.67 12.64 11.62 10.59 10.57 .051 
23 21.09 20.06 19.03 18.00 16.97 15.94 14.91 13.88 12.85 11.82 19.79 .051 
РН 4021.7 20.34 19301827 17.24 1621 1518 14.15 15.12 1209 3 5] 
2537402275 2171 2068 1965 1862 1/58) 16.56 15.52 14.49 13.46 1 №52 
26 25.24 24.20 23.17 22.14 21.10 20.07 19.04 18.00 16.97 15.94 14.90 .052 
27 742077 25/3 2470 2366 2263 2160 20.56 4953 1849 1740 1042 002 
28 25355 2734 26351 2527 2424 2320 22.17 «2113 20:10 19:06 «18 02200052 
29 30.08 29.04 28.00 26.97 25.93 24.89 23.86 22.82 21.78 20.75 19.71 .052 
30 31.86 30.82 29.78 28.75 27.71 26.67 25.63 24.60 23.56 22.52 21.48 .052 
31 33.74 32.70 31.66 30.62 29.58 28.54 27.50 26.46 25.42 24.38 23.34 .052 
32 35.70 34.66 33.62 32.58 31.54 30.50 29.46 28.42 27.38 26.34 25.30 .052 
33 37.78 36.73 35.69 34.65 33.61 32.57 31.53 30.49 29.44 28.40 27.36 .052 
34830.95 35.00 15780 368213578 3473 33.09 3205 S161 T3057 2202-14 
254223 4118 1014 3910. 3505 3701 35.97 3492 3388 $283 53070 tee 
36 44.62 43.57 42.53 41.48 40.44 39.40 38.35 37.31 36.26 35.22 3417 052 
37 47.13 46.08 45.04 43.99 42.94 41.90 40.85 39.81 38.76 37.71 36.67 .052 
38 4976 4871 47.66 46.61 45.57 44.52 43.47 42.43 41.38 40.33 39.29 .052 
39 52.51 51.46 50.41 49.37 48.32 47.27 46.22 45.17 44.12 43.08 42.03 .052 
40 55.40 54.35 53.30 52.25 51.20 50.15 49.10 48.05 47.00 45.95 44.00 .052 
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TABLES 641-648.—THE BAROMETER !*' 


TABLE 641.—PRESSURE OF COLUMNS OF MERCURY AND WATER 


British and metric measures. Correct at 0°C for mercury and at 4°C for water. 


Metric measure 


British measure 


Pressure Pressure 
cmHg g/cm? /in.? 

1 13.5954 .193367 

2 27.1908 .386734 
3 40.7862 .580101 
4 54.3816 .773468 

5 67.9770 966835 

6 81.5724 1.160204 
7 95.1678 1.353566 
8 108.7632 1.546936 
9 122.3586 1.740303 
10 135.9540 1.933670 
cm of Pressure Pressure 

H,O g/cm? Ib/in.? 

1 1 0142234 
2 2 0284468 
3 2 0426702 
4 4 ‚0568936 
5 5 0711170 
5 6 0853404 
7 7 ‚0995638 
8 8 ‚1137872 
9 9 ‚1280106 
10 10 ‚1422340 


Pressure Pressure 
inHg g/cm? Ib/in.? 
1 34.532 .491152 
2 69.065 .982304 
3 103.597 1.473457 
4 138.129 1.964609 
5 172.662 2.455761 
6 . 207.194 2.946918 
7 241.726 3.438058 
8 276.259 3.929286 
9 310.791 4,420370 
10 345.323 4.911522 
Inches of Pressure Pressure 
Н.О g/cm? b/in.? 
1 2.54 .036127 
2 5.08 072255 
3 7.62 .108382 
4 10.16 .144510 
5 12.70 .180637 
6 15.24 .216764 
7 17.78 252892 
8 20.32 ‚289019 
9 22.86 .325147 
10 25.40 .361274 


197 Тһе tables on the barometer have been adapted from the Smithsonian Meteorological Tables, sixth 


edition. 


TABLE 642.—CORRECTION OF THE BAROMETER FOR CAPILLARITY * 


Metric measure 


Diameter Height of meniscus in millimeters 

of tube 

in mm 4 .6 .8 1.0 1.2 1.4 
4 11 1.7 21 2.4 2.6 
5 J 1.06 1.34 1.55 1.76 
6 47 71 91 108 121 1.30 
7 33 48 63 76 86 96 
8 24 35 46 55 63 70 
9 18 27 35 41 47 53 
10 12 18 24 30 35 40 
12 07 .10 .13 .16 .20 72 
14 04 ‚06 ‚08 10 ЛІ ‚13 
16 02 04 .05 .06 .07 .09 


* Corrections to be added in millimeters. 


1.6 


TABLE 643.—VOLUME OF MERCURY MENISCUS IN mm 


Height of = | = 


meniscus 14 15 


mm 
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16 


17 


Diameter of tube in mm 


18 19 20 21 


1.6 157 185 214 245 280 318 356 398 
1.8 181 211 244 281 320 362 407 455 
20 206 240 278 319 362 409 460 513 
22 ШЕЛІ 313 358 406 459 515 574 
2.4 262 303 350 400 454 EXT 573 639 
20 291 338 388 444 503 565 633 706 


22 


444 
507 
571 
63/ 


782 


24 


541 
616 
694 
776 


948. 
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TABLE 644.—CONSTANT а ҒОН REDUCTION OF BAROMETRIC HEIGHT TO 
STANDARD TEMPERATURE * 


Brass scale and Brass scale and Glass scale and 
English measure metric measure metric measure 
(еи ааа 
Height of a Height of a Height of a 
barometer in in inches for barometer in in mm for barometer in in mm for 
inches temp °F mmHg temp °C mmHg temp °C 
15.0 00135 400 „0651 50 ‚0086 
16.0 00145 410 ‚0668 100 0172 
17.0 00154 420 „0684 150 0258 
17.5 ‚00158 430 ‚0700 200 0345 
18.0 00163 440 0716 250 0431 
18.5 00167 450 0732 300 0517 
19.0 00172 460 0749 350 „0603 
19.5 00176 470 0765 
480 0781 400 „0689 
20.0 00181 490 0797 450 0775 
20.5 00185 500 ‚0861 
21.0 00190 500 ‚0813 520 0895 
215 00194 510 ‚0830 540 ‚0930 
22.0 00199 520 0846 560 ‚0965 
225 .00203 530 .0862 580 .0999 
250 .00208 540 .0878 
28.5 .00212 550 .0894 600 .1034 
560 .0911 610 .1051 
24.0 .00217 570 ‚0927 620 ‚1068 
24.5 ‚00221 580 ‚0943 630 ‚1085 
25.0 ‚00226 590 ‚0959 640 ‚1103 
25.5 00231 650 1120 
26.0 .00236 600 0975 660 ‚1137 
26.5 00240 610 ‚0992 
27.0 00245 620 .1008 670 1154 
27.5 00249 630 .1024 680 ‚1172 
640 ‚1040 690 ‚1189 
28.0 ‚00254 650 ‚1056 700 ‚1206 
28.5 ‚00258 660 1073 710 11229 
29.0 ‚00263 670 ‚1089 720 ‚1240 
29.2 00265 680 21108 730 .1258 
29.4 00267 690 114 
29.6 00268 740 1275 
29.8 00270 700 1137 750 51292 
30.0 00272 710 ‚1154 760 ‚1309 
720 ‚1170 770 (1327 
30.2 00274 730 1186 780 ‚1344 
30.4 ‚00276 740 .1202 790 .1361 
30.6 .00277 750 1218 800 ‚1378 
30.8 00279 760 1235 
31.0 00281 770 [25] 850 ‚1464 
51.2 .00283 780 .1267 900 1551 
31.4 .00285 790 .1283 950 ‚1639 
31.6 ‚00287 800 ‚1299 1000 ‚1723 


* The height of the barometer is affected by the relative thermal expansion of the mercury and the 
glass, in the case of instruments graduated on the glass tube, and by the relative expansion of the 
mercury and the metallic enclosing case, usually of brass, in the case of instruments graduated on the 
brass case. This relative expansion is ‘practically proportional to the first power of the temperature. 
The above tables of values of the coefficient of relative expansion will be found to give corrections almost 
identical with those given in the International Meteorological Tables. The numbers tabulated under a 
are the values of a in the equation H t — H:' — a (t' — t) where Ht: is the height at the standard tem- 
perature, Ht’ the observed height at the temperature t’, and a (t' — t) the correction for temperature. 
The standard temperature is 0°C for the metric system and 28:5 F for the English system. The English 
barometer is correct for the temperature of melting ice at a temperature of approximately 2875 F, because 
of the fact that the brass scale is graduated so as to be standard at 62°F, while mercury has the 'standard 
density at 32?F. 

EXAMPLE.—A barometer having a brass scale gave H — 765 mm at 25*C; гше the p 
reading at 0°C. Here the value of a is the mean of .1235 and 1251, or 1243; a. = f) =] 1243 У 
З= И Нерсе 5 —= 765 — 3.11 — 761.89. 

Note.—Although a is here given to three and sometimes to four significant figures, it is seldom 
worth while to use more than the nearest two-figure number. In fact, all barometers have not the same 
values for a, and when great accuracy is wanted the proper coeficients have to be determined by 
experiment. 
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TABLE 645.—REDUCTION OF BAROMETER TO STANDARD GRAVITY FOR 
DIFFERENT HEIGHTS 


Free-air altitude term. Correction to be subtracted. 


The correction to reduce the barometer to sea level is [(g: — g)/9g] X B where B is the 
barometer reading and g and g; the value of gravity at sea level and the place of observa- 
tion respectively. The following values were computed for free-air values of gravity gı 
(Table 802). It has been customary to assume for mountain stations that the value of g: = 
say about 3 the free-air value, but a comparison of modern determinations of gi in this 
country shows that little reliance can be placed on such an assumption. Where gi: is known 
its value should be used in the above correction term. (See Tables 803-805.) Similarly for 
the latitude term, see succeeding tables; the true value of g should be used if known; the 
succeeding tables are based on the theoretical values, Table 802.) 











Не Observed height of barometer in mmHg 
за level 01-97 400 450 500 550 600 650 700 750 800 
meters 
100 .031 Correction in mmHg to be sub- 02 0277702 — — 
200 .062 tracted for height above sea level 04 05 05 — — 
300 .093 іп first column and barometer read- 07 07 07 — — 
400 .123 ing in the top line. 09 10 10 — — 
500 .154 — — — — — — 88! 12 13 -- — 
600. .185 — — — = — 12 13 14 — — -- 
700 216 — — — — — jay .15 ‚16 — -- — 
800  .247 — — — - — 16 18  .9 = — — 
900 .278 - - — c = 1667 20 22 — — — 
1000 .309 — — — .18 .19 .20 122 .24 — — — 
1100 .339 — — — JOE 21 22  .24 — — — — 
1200 .370 — — — 21 123 .24 .26 — — — — 
1300 .401 — — — 22 ‚24 26 2.29 — — — — 
1400 .432 — — — 24 26 28 У — - — — 
1500 .463 -— — .24 26 ‚28 :30m 33 — — — — 
1600 .494 — — 25 28 .30 222 — — — — — 
1700 525 - — Я ш 32 .34 — — — = — 
1800 .555 — — 280 020 ‚34 ‚36 — — 020 .0463 15000 
1900 .586 - -- BOF 33 .36 39 — — 019 .0447 14500 
2000. .617 -- .28 ҮЗ .34 .38 41 — .021 .019 .0432 14000 
2100 .648 — 30 53 .6 40 — — 021 .018 .0416 13500 
2200 .679 - ‚31 239 See 41 -- — 020 4.017 .0401 13000 
2300 710 -- 32 36 .40 2.43 — (021 .019 .017 .0386 12500 
2400 .740 -- 44  .38  .42 .45 — 021 .018 .016 .0370 12000 
2500 71 31 135 39 2.43 47 — 020 .018 .015 .0355 11500 
2600 802 sor 272 41 — - .021 .019 .017 .015 .0339 11000 
2700 .833 .34 48 .42 - — 020 .018 .016 .014 .0324 10500 
2800 .864 „35 .40 44 — — 019 .017 .015 .013 .0308 10000 
2900 .895 46 41 .46 — (020 .018 .016 .015 .013 .0293 9500 
3000 .926 29 422 47 — 019 .017 .016 .014 .012 .0278 9000 
3100 .957 .39 44 — — 018 016 (015 013 = 0262 8500 
3200 .988 40 ‚46 — — 017 015 014 02 = 0247 8000 
3300 1.019 .42 47 — 017 016 014 .013 — — 0231 7500 
3400 1.049 .43 .48 — 016 015 013 012 — — 0216 7000 
3500 1.080 .44 „49 — 15 ОА (2 ШІ -- — 0200 6500 
3600 1.111 45 — — 014 013 01 - - - 0185 6000 
3700 1.142 .46 — - 013 012 01 - -- — 0170 5500 
3800 1.173 .48 — 012 011 01 010 — -- — 0154 5000 
3900 1.204 .49 — 011 010 010 — — — — 0139 4500 
4000 1.235 .50 — 010 .009 .009 — -- — - 0123 4000 
— (008 .008 .007 .007 Corrections in in. to .0092 3000 
— — 006 .005 .005 .004  — be subtracted for height .0062 2000 
003 .003 .003 — — above sea level in last .0031 1000 
column and barometer 
reading in bottom line. 
feet 
30 28 26 24 22 20 18 16 14 9-9 Height 
2 аһоуе 
Observed height ot barometer in inches sea level 
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TABLE 646.—REDUCTION OF BAROMETER TO STANDARD GRAVITY * 
METRIC MEASURES 


From latitude 0° to 45°, the correction is to be added algebraically. 


520 540 560 580 600 620 


mm mm mm mm mm mm mm mm mm mm 
—1.39 —1.45 —1.50 —1.55 —1.61 —1.66 —1.71 —1.77 —1.82 —1.87 —1. 


640 660 


680 700 720 740 760 780 


mm mm mm 


93 —1.98 —2.04 —2.09 


89 1.94 199 204 
87 811.92 1.95 TN 
85 1.91 196 2.01 
84 1.89 1.94 1.99 


{ —1.66 —1.71 —1.76 —1.81 —1.86 —1.92 —1.97 


79 1.84 1.89 1.94 
701.31 №186 ШЕЛІ 
74 1.78 1.83 1.88 
#1 60 TES 


—1.54 —1.58 —1.63 —1.67 —1.72 —1.77 —1.81 


64 1.69 1.73 1.78 
60 165 169 1.74 
571 1.61 1.65 17/0 
92 ІЗЛІШІбІ NIE 


—1.36 —1.40 —1.44 —1.49 —1.53 —1.57 —1.61 


44 1.48 1.52 1.56 
40 1.44 1.48 1.51 
35 139 143 146 
30 1.34 1.37 1.41 


.22 —1.25 —1.29 —1.32 —1.36 


208: 1.23 1.27 ІШ) 
15 118 1.21 1.24 
09 1.12 Ж 115 PIS 
04 107 110 112 


.98 —1.01 —1.04 —1.06 
927 95 000) 
566 ЗО 94 
80.83 .85 87 
74. 76 79 MESI 


.68 — .70 — .72 2.74 
62 44865 07 
MONEY CR (58 
495 510 52 7823 
43 44 .45 46 


03 — .03 — .03 — .04 


0 
5 —1.37 —1.42 —1.48 —1.53 —1.58 —1.64 — 1.69 —1.74 —1.79 —1.85 —1.90 —1.95 —2.00 —2.06 
6 б (142 "1 47152 11.57 11.63 1.68 173 178 183 T]. 
7 ШЕ 10 71460 = 1.5) 11.56 1.61 2166 172 17718272. 
8 134 139 144 149 155 160 165 170 175 180 1. 
9 1.33 1.38 1.43 148 1.53 1.58 1.63 1.68 173 1.78 1. 
10 —1.31 —1.36 —1.41 —1.46 —1.51 —1.56 — 1 
11 129 1.34 129 144 149 154 159 164 169 1.74 1. 
12 127 15 Оу; 42 Ей УЛ 52 2 O 1.72 10 
13 1.25 1.30 1.35 1.40 145 150 154 1.59 1.64 1.69 1. 
14 | 25 ов 18 1.42 11,47 7152 156 101 1.05 №1 
15 —1.21 —1.26 —1.30 —1.35 —1.40 —1.44 — 1.49 
16 О 21 2881.32 11.37 141 1.46 150 155 160771 
17 о 201.25 8] 29 1.34 1.38 143 “147 152 15671 
18 1.13 1.18 1.22 126 1.31 1.35 1.39 1.44 1.48 1.52 1. 
19 1.10 1.15 1.19 1.23 1.27 1.32 1.36 1.40 1.44 1.48 1. 
20 —1.07 —1.11 —1.16 —1.20 —1.24 —1.28 — 1.32 
21 104 1.08 1.12 116 1.20 1.24 128 132 1367140 1. 
22 1.01 1.05 1.09 1.13 1.16 120 1.24 1.28 1.32 1.36 1. 
23 ЮО 105100 “113 7116 120 124 128 131 1. 
24 .94 98 101 105 108 112 116 119 123 127 1. 
25 — .90— .94 — .97 —1.01 —1.04 —1.08 — 1.11 —1.15 —1.18 —1.22 
26 ‚87 ‚90 93 97 ®100 103 107. 110 I 11m]. 
27 ‚83 ‚86 ‚89 92 ‚96 99 1.02 1.05 1.08 1.12 1. 
28 .79 ‚82 ‚85 ‚88 91 94 97 1.00 103 106 І. 
29 „75 ‚78 ‚81 ‚84 ‚86 ‚89 92 95 98 101 І. 
30 — .71— .74— .76 — 79- 82- 85- .87 — 90- .93 — 95-- 
31 ‚67 .69 72 ‚74 ‚7/7 ‚80 .82 .85 ‚87 ‚90 
32 62  .65 ПОЛИ 70872 74 77 79 82 44 
33 55900 — 63 .65 ‚67 69 72 74 76 78 
34 .54 .56 .58 460 ‚62 ‚64 66 68 /0 72 
35 — 49— .51— 53— 55— 57— .59— .61— .63 — .64— .66 — 
36 45 46 48 50 .52 53 155 57 .58 .60 
37 .40 .42 ‚43 45 46 .48 49 .51 52 54 
38 36 37 .38 .40 41 .42 44 .45 .46 .48 
39 ‚31 522 592 .34 3б 25% 38 39 40 .2 
40 — 26— 27— 28— 29— .30— .31— .32 — .33 — .34 — 35—. 
41 ‚21 22 223 ‚24 25 ‚26 .26 27 ‚28 ‚29 
42 BI as 18 19 19 ‚20 ZI 224 222 22 
43 12 ‚12 513 212 14 ‚14 15 [15 ‚16 ‚16 
44 ‚07 07 .08 .08 .08 .08 .09 .09 .09 .10 
45 — 02- 02- 03- 03- .03— .03— .03— .03— .03— .03 — . 
* 980.665 cm sec-? 
(continued) 
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TABLE 646.—REDUCTION OF BAROMETER ТО STANDARD GRAVITY (concluded) 


METRIC MEASURES 
From latitude 46° to 90°, the correction is to be added algebraically. 


520 540 560 580 600 620 640 660 680 700 720 740 760 780 


mm mni mm mm mm mm mm 


mm mm mm mm mm mm 
— .02 — .02 — .03 — .03 — 03 = 03 — 03— 03 — .03— .03 — 03 — .03 — .03 — .04 


+ 02+ 03+ 03+ .03 + С 03+ 03+ 03+ 03+ 03+ 03+ 03+ .04 + .04 
07 0 0 0 0 09 9 (9 0 1,0 шю Ж; 10 п 
ТТ 15 14 ЛА 15 15 162 16 I? NE)/ NE ^ eo 
172-217 19% 197719 Ж 20 ЛШ a a a S 
22 22. 2388 24 925 09 20 0200-27 252022979350 ЛЕГЕ 


+ 26+ 27+ 284 АШ 7 22 + 324 33+ 344 .35 + .36 + .37 + .38 + .39 
3 3 3 : : 


46 37. 388 40 410020 44 45 4B i5 49 5 № 
40 42 43 45 46 48 49 5 52 54 55 57 59 60 
М5 46 48 8: 275 5: 5 СЕ 62 (4705 ЕН 


+ 49+ 514+ 534+ 554 574 59+ 60+ .62 + 644 66+ 68+ .70 + .72 + 74 
54 56 58 60 62 64 66 68 70 72 74 76 78 80 
58 60 62 65 67 50 71 74 76 75 80 2592 ч 
62 0 677 44 722-724 7 79 аа шасы о о; 
959 (50 72 743 77 79 9 мм оо / 


+ 71+ 73 + 276 + 79 + 814 84+ 874 .89 + .92 + .95 + .98 +1.00 +1.03 +1.06 
74 77 80 933 .85 88 9401 94 097 100 102 1.05 108 1.11 
48 81 .85 88 01 94 97 100 103 106 109 112 1.15 1.18 
82 85 89 .92 95 98 101 104 108 1.11 114 117 120 1.23 
86 80 5903 6 9 103 106 1.09 113 116 1.19 1.22 1.26 129 


+ .90 + .93 + .97 +1.00 +1.04 -+1.07 +1.10 +1.14 +1.17 +1.21 +1.24 +1.28 +1.31 +1.35 
03 .97 100 104 108 111 115 118 122 125 1.29 133 136 10 


97 100 104 108 ІШ 115 119 123 126 130 134 137441 ЖБ 
100 1.04 108 ІП 115 119 123 17 ІЗІ 134 ІЗ8 142 146 1.50 
105 107 1.11 1.15 1108123 127 131 135 ІЗ Е 

41.06 110-114 21.18 11.22 PI 26 41.31 +1.35 +1.39 41.43 1 47] 51 BIS 0 
1.09 1.13 1.17 122 120130 1.34 1.38 142 147 1.508 155 ШО 
112 116 120 125 129 133 1.37 142 146 1.50 1.55 1.59 1.63 1.67 
ІЛА 19 1238 128 6132 136 141 145 10015 155 16 ЫШ 
117 121 126 130 135 1.39 144 1484 153 157 1.62060 1 5 

SETIIOL- 1:935 910 98:1 5212137 +142 +147 +151 41.56 +1.60 +1.65 +1.70 +1.74 +1.79 
121 %26% 131 135 140 145 149 154 1.59 163 108 173 І77 T. 
121 128 133 138 142 147 152 157 161 "166 1л 170 0 №5 
125 130 135 140 145 149 154 159 164 169 173 178 183 1.88 
127 132 137 142 147 151 156 161 146 ІЛІ 170 ІЗГІ 10 

41.29 +1.33 41.38 +1.43 11.48 11.53 41.58 163-168 ГІЛІ ЛЕРІ ЕТТЕ + OS 
130 1.35 140 145 1.50 1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 
131 1.36 141 146 І5І 156 ІСІ 167 172 1.700101 37 2 № 
132 137 142 148 152 158 1.63 168° 1.73 12050015188 63 1 
1.33 138 143 149 1.54 159 164 1.69 1424 1.79 1.84 1.90 1.95 2.00 

+1.35 +1.41 +1.46 +1.51 +1.56 +1.61 + 1.67 +1.72 +1.77 +1.82 +1.87 +1.93 +1.98 +2.03 
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TABLE 647.—REDUCTION OF BAROMETER TO STANDARD GRAVITY * 


ENGLISH MEASURES 


From latitude 0° to 45°, the correction is to be added algebraically. 


p ыл» 20 21 22 23 24 25 26 27 28 29 зо 
Inch Inch Inch Inch In^h Inch Inch Inch Inch Inch Inch Inch 
0 —.051 —.054 —.056 —.059 —.062 —.064 —.067 —.070 —.072 —.075 —.078 —.080 


—.050 —.053 —.055 —.058 —.061 —.063 —.066 —.069 —.071 —.074 —.077 —.079 
50 Moc 48155 058 060 153 06 68 T071 1073 2/76 T079 
КНУ 052 155 057 7060 062 165 “068 070 T073 2/5 70/5 
049 052904 74057 059 062 “7194 067 7770 072 7075 “077 
048 051 054 06 059 (061 064 06  .069 071  .074 .076 


10 —.048 —.050 —.053 —.055 —.058 —.060 —.063 —.066 —.068 —.071 —.073 —.076 
11 47 050 1052 05 05/7 00 0602 05 .067 070 (М2 “075 
12 047 .049 01 .054  .056  .059  .061 .064 066 .069 .071 .074 
13 046 048 051  .053 .055 .055 .060 .063 .065 068 .070 072 
14 045 (047 050 052 055 057 059 062 064 06 069 071 


15 —.044 —.047 —.049 —.051 —.053 —.056 —.058 —.060 —.063 —.065 —.067 —.070 
16 043 06 048 004 052 .055 057  .059 062  .064  .066 .068 
17 1042 "18045 047 М9 051 05 6 058 %0 062 065 07 
18 041 044 046 (048 050 052 054 .057 .059 061 .063 065 
19 0404 042 045 047 049 051 053 .055 1057 1059 1062 064 


20 —.039 —.041 —.043 —.045 —.047 —.050 —.052 —.054 —.056 —.058 —.060 —.062 
21 038 040 042 04 06 .048 050 .052 054 056 .058 .060 
22 037 .39 041 043 045. 0472 049 (050 0522 054 056 058 
23 036 038 .39 (041 043 (045. 04 09 051 .053 .054 056 
24 0344 036 038 040 .042 043 045 047 04 051 .052 054 


25 —.033 —.035 —.037 —.038 —.040 —.042 —.043 —.045 —.047 —.049 —.050 —.052 
26 032 2.33 035 037 .038 040 042 043 045 047 048 .050 
27 030 032 033 .035  .037  .038 040 041 043 045 046 .048 
28 029 030 032  .033  .035  .036 038 039 04141 043 .044 104 
29 .027 29 030 02 033 035 06 037 039 040 042 Ш. 


30 —.026 —.027 —.029 —.030 —.031 —.033 —.034 —.035 —.037 —.038 —.040 —.041 
3l ша 07 28 00 01 422 055 035 056 ВУ В 
32 023 3024 e025 426 1028 00 450 031 40032 8034 0550150 
33 ІШІ 022 ЖИ 025 026 027 7028 7720 10301031 052 US 
34 020 021 022 023 4024 025 026 (027 028 029 030 #8 O31 


35 —.018 —.019 —.020 —.021 —.022 —.023 —.024 —.025 —.026 —.027 —.027 —.028 
36 ШЕ ЧИП? №08 019 7020 021 (22 4022 023 8024 802-6020 
37 101599815 №06 0177 018 09 9 020 027 022 110228025 
38 ШІ 014 04 015 06 06 017 08 08 (19 020 .020 
39 ШІ ЕР 72 013: 04 04 015 05 0 10917 177055 


40 —.010 —.010 —.011 —.011 —.012 —.012 —.013 —.013 —.014 —.014 —.015 —.015 
41 008 .008 .009 009 009 00 010 01 01 012 (012 0912 
42 006 006 007 007 007 008 008 008 .009 009 009 .010 
43 004 .005 005  .005 005 005 006  .006  .006 .006 .007 .007 
44 003 003 2003 003 003 003 .003 .004 0044 0044 .004 004 


45 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 


© о мс G1 


* 32.17 in. «ес-2 
(continued) 
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TABLE 647.—REDUCTION OF BAROMETER TO STANDARD GRAVITY (concluded) 


ENGLISH MEASURES 
From latitude 46° to 90°, the correction is to be added algebraically. 


tude 19 20 21 22 23 24 25 26 27 28 29 30 


Inch Inch Inch Inch Inch Inch Inch Inch Inch Inch Inch Inch 
45 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 —.001 


46 +.001 +.001 +.001 +.001 +.001 +.001 +.001 +.001 +.001 +.001 4-.001 +.001 
47 003 .003 003 003 003 003 1003 004 1004 0044 0044 .004 
48 004 005 (005 (05 005 006 06 006 .06 006 007 .007 
49 006 006 007 (07 007 008 008 008 009  .009 .09 010 
50 008 008 .009 009 010 010 00 0П 012 012 012 412 


51 +.010 +.010 +.011 +.011 +.012 +.012 +.013 +.013 +.014 +.014 -4-.015 +4.015 
52 011 012 0122 013 014 «014 015 012 06 016 017 418 
53 013  .014 014 015 016 016 017 018 018 019 020 020 
54 015  .015 016 017 018 09 1019 0200 021 022 022 023 
55 016 .017 018 019 0290 021 021 022 023 024 025 .026 


56 +.018 +.019 +.020 +.021 +.022 +.023 +.024 +.024 +.026 +.026 +.027 +.028 
57 020 02 02 023 М4 %25 (26 027 028 020-409) .031 
58 021 022 023 025 06 027 028 09 00 0577092 033 
59 023 024 025 026 028 0202 00 031 032 033 035 409 
60 024 026 027 028 029 031 132 033  .034 036 037 1038 


61 +.026 +.027 +.028 +.030 +.031 +.033 +.034 +.035 +.037 +.038 +.039 +.041 
62 027 029 .030 032 033  .034 0356 037  .039 040 4042 043 
63 029 .030 032 1033 .35 036 038 0399 041 (042 0044 045 
64 030 .032 033 0355 036 038 040  .041  .043 044 046 047 
65 031 033 035 06 038 040 041 043 04 06 40488 050 


66 +.033 +.034 +.036 +.038 +.040 +.041 +.043 +.045 +.047 +.048 +.050 +.052 
67 034 036 038 039 041 043 045 047 048 050 052 .054 
68 035 037 039 041 043 (045 046 048 050 .052 .054 056 
69 036 038 00 042 044 046 .048 050 052 054 056 .058 
70 038 040 042 044 046 048 050 052 053 .055 057 059 


71 +.039 +.041 +.043 +.045 +.047 +.049 +.051 +.053 +.055 +.057 +.059 +.061 
72 040 042 044 046 048 050 052 054 057 0595 .061 .063 
73 04 043 045 047 .49 052 054 056 .058 060 .062 .064 
74 042 044 046 048 051 .053 055 057 059 062 .064 .066 
75 043: (045 047 049 052 054 .05 058 061 .063 065 .067 


76 +.044 +.046 +.048 +.050 +.053 +.055 +.057 +.060 ш +.064 .066 069 


78 (045 047 050 052 055 057 .059 062 Тед 066 060 071 
79 (46 (486 01 053 055 058 060 (62 065 067 070 072 
80 046 044 01 054 056 052 061 .063 06 .068 071 0073 


81 +.047 +.049 +.052 +.054 +.057 +.059 +.062 +.064 +.067 +.069 +.072 +.074 
82 047 050 052 055 057 060 062 065 067 070 072 0075 
83 048 050 053 .056 .058 061 .063 066 068 071 073 076 
84 0488 051 4.053 056 059 (61 .064 06 069 071 074 076 
85 049 051 054 056 059 061 064 067 069 072 074 077 


90 +.049 +.052 +.055 +.057 +.060 +.062 +.065 +.068 +.070 +.073 +.075 +.078 





SMITHSONIAN PHYSICAL TABLES 


613 
TABLE 648. —DETERMINATION ОҒ HEIGHTS BY THE BAROMETER 





; Bo—B 
Formula of Babinet: Z = CB В. B 
C (in feet) — 52494 [1 4- = English measures. 
2 s 


C (in meters) = 16000 (1 + аг VAS metric measures. 


In which Z — difference of height »" two stations in feet or meters. 


В», В — barometric readings at the lower and upper stations respectively, corrected for all 
sources of instrumental error. 


fo, t= air temperatures at the lower and upper stations respectively. 


VALUES OF C 


English measures Metric measures 


— o ЭШИ аст —- 
3 (to -- t) C Log C l (to 4- f) C Log C 
°F Feet S Meters 
10 49928 4.69834 —10 15360 4.18639 
15 50511 .70339 -- 8 15488 ‚19000 
— 6 15616 ‚19357 
20 51094 4.70837 — 4 15744 ‚19712 
25 51677 ‚71330 — 2 15872 .20063 
30 52261 4.71818 0 16000 4.20412 
35 52844 .72300 + 2 16128 20758 
4 16256 ‚21101 
40 53428 4.72777 6 16384 ‚21442 
45 54011 43248 8 16512 .21780 
50 54595 4.73715 10 16640 4.22115 
55 55178 44177 12 16768 .22448 
14 16896 22778 
60 55761 4.74633 16 17024 ‚23106 
65 56344 ‚75085 18 17152 ‚23431 
10 56927 4.75532 20 17280 4.23754 
75 57511 .75975 22 17408 ‚24075 
24 17536 ‚24393 
80 58094 4.76413 26 17664 ‚24709 
85 58677 ‚76847 28 17792 .25022 
90 59260 4.77276 30 17920 4.25334 
95 59844 ‚77702 32 18048 ‚25643 
34 18176 ‚25950 
100 60427 4.78123 36 18304 ‚26255 
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TABLE 650.—ELEMENTS AND CONSTANTS OF ATMOSPHERIC 615 
ELECTRICITY * 


The elements of atmospheric electricity show variations, both regular and irregular. 
Over land the irregular variations are very pronounced and the regular variations differ 
notably from place to place, in marked contrast to the corresponding characteristics over 
the ocean. Therefore, and because of the wider and more uniform geographical distribution 
of ocean observations, it seems best to give the greater weight to the ocean data when at- 
tempting to arrive at values characterizing world-wide conditions. Because of the wide 
variation from place to place in the means from land stations, due to local factors, a 
general mean of these is of questionable significance. Hence it seems better to indicate 
Іс ете of station means in the case of elements for which the data are sufficiently 
abundant. 

Certain disparities, which will be found between published tables of ocean data, arise 
largely from the inclusion of more recent data. 

Of the atmospheric-electric clements the potential gradient has been the most exten- 
sively observed. The sign of the average gradient is everywhere such as to drive positive 
ions toward the earth. The periodic variations in this element are of great interest because 
of their apparent relation with cosmic phenomena. Thus the potential gradient apparently 
increases with increase in sunspot numbers and varies throughout the year. The maxima 
in monthly means occur everywhere, with few exceptions, at the time of northern winter, 
and the corresponding minima occur at the time of northern summer. The diurnal varia- 
tion observed over the oceans is everywhere in phase when considered on a common-time 
basis, except for a minor phase-shift that depends upon the season. This diurnal variation 
derived from observatories made on the Carnegie during 1915 to 1921, given by the 
Fourier expression AP/P = 0.15 sin (@ + 186°) 4- 0.03 sin (26 + 237°) where @ is reck- 
oned at 15° per hour beginning at 0" Greenwich mean civil timt, is in close agreement 
with that obtained from 1928-1929 observations. 

No general expression that will approximately characterize the diurnal variation over 
land can be given. These variations determined by local factors are apparently super- 
imposed upon a variation of the same world-wide character as that found to prevail over 
the oceans. 


* Tables 650-653 prepared by G. R. Wait, Department of Terrestrial] Magnestism, Carnegie Institution 
of Washington. 


TABLE 651.—IONIC EQUILIBRIUM IN THE ATMOSPHERE 


Equilibrium for atmospheric ionization occurs when q = an? + 7:Non + „Мп, where n 
and N are the number of pairs of small and large ions of one sign and №, the number of 
uncharged nuclei; a, 71, 72, are coefficients of recombination of small ions with small ions, 
with uncharged nuclei, and with large ions. If for both small and large ions the positive 
and negative are equally abundant, then No/N = 72/m. When n/N <& 2n:/a, the equilib- 
rium-condition is expressed by q — 8n; B is designated the diminution-constant; 1/8 = = 
is the "average life" of a small ion in air which contains an abundance of large ions; Q 
varies inversely as N. 


а: 1.6 х 10° ст? /ѕес 


71: 5 X 10 ы 
me 6X107 ^ 
O Over land, 


Average, 30 sec 
Extremes, 10 to 60 sec 
Over sea, 230 sec 
N: Over land, 500 to 50,000 ions/cm? 
Aitken nuclei, number per cm*: 
Over open country, up to 10° 
Over midocean, about 800 


In free air, 
Altitude 1 km 6,000 5 km 50 
3km 200 &5kmabout 5 


TABLE 652.—CHARGE ON RAIN AND SNOW 


Specific net charge on precipitation: 


Average, 0.5 esu/g 
Maximum observed, 20 esu/g 


Specific charge on individual raindrops or snowflakes: 


Rain, + 2.7 to — 3.2 esu/g 
Snow, + 11.6 to — 8.1 esu/g 
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Element Symbol 
Potential gradient. P 
Air-conductivity 
totale SS. Хх =, +. 
Ratio of positive 
to negative 
conductivity .... 2,/Х- 
Air-earth current — 
Чеп ну ........ t = AP/30000 
Density of small 
ions: Positive .. n, 
Negative . n- 
(n, + n-)/2 
Ratio of positive | 
to negative ionic 
density <.<...» p=n,/n- 
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TABLE 653.—ATMOSPHERIC-ELECTRIC DATA 


Means Units Variations 
Range Percent of mean 
Land: 64 to 317 volts/m Annual 22 to 145 
" Diurnal 35 to 120 
Sea: 128 Annual 13 
Diurnal 35 
тета. Percentage of surface values at 
various altitudes 
0 km 100 6km 8 
2797717 9“ 4 
Land: 1 to 5 esu X 10% Variations determined chiefly by 
local factors 
Sea: 2.6 5 “ Variations small and chiefly ir- 
regular 
Ered aira е Ratio of value at various alti- 
tudes to that at surface 
Окт 1 6 Кт 20 
3 ^8 9 “ 38 
Land: 1.12 
Sea: 1.26 
Land: 70 esu X 10" 
Sea: 11.0 
Land: 750 ions/cm’ 
Sea: 600 "n 
Land: 650 и 
Sea: 500 i: 
пее еее. Values at various altitudes 
2 km 1300 
4 “ 1900 
5 “ 2300 
Land: 1.23 
Sea: 1.23 
(continued) 


TABLE 653. —ATMOSPHERIC-ELECTRIC DATA (concluded) 617 


Element Symbol Means Units 
Space-charge, over land.. p At surface: * 107? esu/cm* 
ЕЕ — 2000 to + 1900 
— [D -10 Ет 
В АК /12=} x 10 Free air: 
p 
(For h = height in km) 0 to 3 km 9.0 ч 
3 #06 0.9 м 
6to9 0.4 a 
Mobility of small ions: Е. = 2,/300 en, 
POSVE ............ Re Land: 09 ст ес” volt! cm"! 
Sea: 1.6 d 
МЫебапуе ...........- Ё- Гапа: 1.0 ү, 
беа: 1.7 A 
Rate of formation of Over land: 
1оп-ра!т5%........... 4 Ка апа Тһ 
products in air 
a rays 4.6 ions cm? sec"! 
B rays 0.2 k 
Yy rays 0.15 2 
Radioactive 
matter in the 
earth's crust 
B rays 0.1 Ж 
y rays 3.0 ы 
Penetrating 
radiation 1.5 И 
Total 9.55 н 
At sea: 
Penetrating 
radiation 1.5 ч 
? { “ 
Total 22 а 


* The sign and magnitude of surface values are exceedingly variable from place to place. 
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618 TABLES 654-659—ATOMIC AND MOLECULAR DATA 


Just a few years ago it was held that the universe was made up of 92 ele- 
ments and that probably these elements were made of two elementary particles. 
While most of these 92 elements had been identified and their properties 
studied, there were several that had not been identified and thus very little 
was known directly about their properties. 

As a result of a great amount of study and investigation, during the past 
few years the number of known elementary particles has been extended to 
seven or eight (see Table 720), and all the elements missing from the periodic 
table (see Table 658) have been identified and some of their properties 
studied.'?? In addition to this, the number of elements has been extended to 
five or six beyond uranium and some of the properties of these elements have 
been studied. (See Table 658.) 

It is now generally considered that the elements are made up of electrons, 
protons, and neutrons. Each element now has three designations: the name; 
the atomic number, Z, i.e., the charge on the atomic nucleus and the mass num- 
ber, A, which is the number of protons and neutrons that make up the nucleus 
of the atom and extends from 1 for hydrogen (or the neutron) to 246 for the 
isotope of californium. This mass number is not too definite since, in many 
cases, several atoms have isotopes of the same mass number. 

Atoms of number greater than 83 and certain isotopes of eight atoms of 
lower atomic number, are unstable in that they break down into other isotopes, 
ie. they are radioactive. (See Table 732.) There are in all about 1,220 
different isotopes !?? that have been identifed and have had some of their 
properties studied. Of these only 274 are stable. A number of atoms 299 
(2 = 43, 61, 85, 93, 94, 95, 96) are so unstable that they are not now found 
on the earth. Two of the isotopes, A = 5, and 8, have so short a life that it is 
almost impossible to detect them. A radioactive material with a life shorter 
than about 107? sec and longer than about 101** years will be unobservable 
as such. 

The values given for certain physical dimensions of molecules, atoms, or 
nuclei depend upon the definition of the particular dimension and the method 
used in its calculation. Diameters may be calculated from Van der Waal’s 
equation, from viscosity, and from certain force relations. Some values are the 
results of assuming the atom or nucleus to be a sphere. While these various 
methods give results that do not differ too much, neither are the results in 
good enough agreement for one to feel that the answer is final. The following 
tables give some results of physical dimension obtained by various means of 
calculation. 


1% Seaborg and Perlman, Rev. Mod. Fhys., vol. 20, p. 585, 1948. 


Bethe, H. A., Elementary nuclear theory, John Wiley & Sons, Inc., 1947. Reprinted 
by permission. 


TABLE 654.—CONVERSION FACTORS FOR UNITS OF MOLECULAR ENERGY * 


Electron-volt/ Wave Nof 
Units Erg / molecule Joule/mole Cal/mole molecule (cm-1) 
] erg/molecule — 1 6.02283% 108 1.4349110 6.2422 x10" 5.03581 10'5 
1 joule/mole = 1.660349x10" 1 .239006 1.036427 Х 1075. 8.36121х 107: 
1 cal/mdle = 6.94690 <107 4.1840 1 4.33641 Х10% .349833 
1 electron-volt/ 
molecule = 1.601992 Х 10727 96.4853x(10* — 2.30605x(10* 1 8.06734 10? 
1 мауе Мо (ст“') = 1.985776 10" 11.95999 2.85851 1.239567 Х 10" 1 
* This table adapted from data furnished by the National Bureau of Standards. t This means Av/molecule 


where the values given are for y = unity. 
“ 


SMITHSONIAN PHYSICAL TABLES 


TABLE 655.—INTERNATIONAL ATOMIC WEIGHTS ™ 619 


At Atomic At Atomic 

Element Symbol No weight * Element Symbol No - weight * 
Аслы... Ас 89 221 Molybdenum ..... Mo 42 95.95 
Aluminum ....... А1 13 26.98 Neodymium ...... Nd 60 144.27 
Americium ....... Am 95 [243] Neon р. ........ Ме 10 20.183 
Antimony ........ Sb 51 121.76 Neptunium ...... Np 93 [237] 
(Акроп 222222222 А 18 39.944 Blickel.......%... Ni 28 58.69 
Атзешс & ......... А$ 33 74.91 Niobium ......... Nb 41 92,91 
ДАзйайппе®....... At 85 [210] NMitnegen ........ N 7 14.008 
Bariúm на Ва 56 137.36 Osmium secsec. Os 76 190.2 
Berkelium ....... Br 97 [245] Oxygen ......... O 8 16 
Beryllium ........ Be 4 9.013 Palladium ....... Pd 46 105.7 
ВАК... Ві 83 209.00 Phosphorus ...... P 15 30.975 
Вогоп ........... В 5 10.82 Райипш ........ Pt 78 195.23 
Bromine ......... Br 35 79.916 Plutonium ....... Pu 94 [242] 
Cadmium ........ Cd 48 112.41 Polonium ........ Po 84 210 
Calcium... Ca 20 40.08 Potassium ....... K 19 39.100 
Californium ...... СІ 98 12461 Praseodymium ... Pr 59 140.92 
Carbone... A (2 6 12.010 Promethium ..... Pm 61 [145] 
Сего... Се 58 140.13 Protactinium ..... Pa 9] 231 
Сесе... ж Сѕ 55 132.91 Каси 2........ Ка 88 226.05 
Chlorine ....... СІ 17 35.457 Во... Еп 86 222 
Chrominm ..... 4 Ст 24 52.01 Кћепшт ......... Ке 75 186.31 
(орай 2 Со 27 58.94 Rhodium ........ Rh 45 102.91 
Сөрре 2222 Си 29 63.54 Rubidium ........ Кђ 37 85.48 
Сигиш .......... Ст 96 12431 Ruthenium ....... Ru 44 101.7 
Dysprosium ...... Dy 66 162.46 Samarlüm ....... Sm 62 150.43 
Erbium нь Er 68 167.2 Scandium ........ 5с 21 44,% 
Europiúm -... Еџ 63 152.0 Selenium ........ Se 34 78.96 
ЕБјрошлен o. .3 F 9 19.00 о e се $1 14 28.06 
Francium v... a0 Fr 87 [223] Sa Ag 47 107.880 
Gadolinium ...... Gd 64 156.9 Оаа Ма 11 22.997 
Galium ан ss Са 21 69,72 SONUM о. се Sr 38 87.63 
Germanium ...... Ge 32 72.60 Sul уы... S 16 32.066 1 
Gold ....:55. 9 Au 79 197.2 Tantalum GNE. Ta 73 180.88 
Hafnium и... Hf 72 178.6 Technetium ...... Tc 43 [99] 
Helium ucc He 2 4.003 Tellurium = Те 52 12701 
Holmium о Но 67 164.94 Terbium ни ТБ 65 159 2 
Hydrogen ........ H 1 1.0080 Thallium 7 ТІ 81 204.39 
Indium ..-. .. = In 49 114.76 ‘Thorium ~ пен Th 90 23212 
Тоате ... №... 1 53 126.91 Thulium see Tm 69 169.4 
Iridium s. Æ... Ir 77 193.1 Tin dees ar. eee Sn 50 118.70 
[йог о ШЕ... Ее 26 55.85 Titanium. 9 Та 22 47.90 
Ктурїоп......... Кг 36 83.80 Толеп Е W 74 183.92 
Lanthanum ...... La 57 138.92 Па и ЕЕ U 92 238.07 
cad и 0: РЬ 82 207.21 Vanadium 2 12 23 50.95 
П ТЕ Li 3 6.940 Хепоп Хе 54 131.3 
Lutetium 22... Lu 71 174.99 Ytterbium e- Yb 70 173 04 
Magnesium ...... Mg Ја 24.32 Ytra e r Y 39 88.92 
Manganese ...... Mn 25 54.93 Zinger. ТЯ Zn 30 65.38 
Mercury e ое.» Hg 80 200.61 Zircomim sees Zr 40 91.22 


201 Wichers, Edward, Journ. Amer. Chem. Soc., vol. 74, p. 2447, 1952. | 

* A value given in brackets denotes the mass number of the isotope of longest known half life. | . 

+t Because of natural variations in the relative abundance of the isotopes of sulfur, the atomic weight of this 
element has a range of +.003. 
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620 TABLE 656.—ATOMIC NUMBERS 

1 Hydrogen H 34 Selenium Se 67 Holmium Ho 
2 Helium He 35 Bromine Br 68 Erbium Er 
3 Lithium Li 36 Krypton Kr 69 Thulium Tm 
4 Beryllium Be 37 Rubidium Rb 70 Ytterbium Yb 
5 Boron B 38 Strontium Sr 71 Lutetium Lu 
6 Carbon С 39 Yttrium Y /2 Hafnium Hf 
7 Nitrogen N 40 Zirconium Zr 73 Tantalum Ta 

Oxygen O 41 Niobium Nb 74 Tungsten W 

9 Fluorine F 42 Molybdenum Mo 75 Rhenium Re 
10 Neon Ne 43 Technetium Тс 76 Osmium О$ 
11 Sodium Na 44 Ruthenium Ru 77 Iridium Ir 
12 Magnesium Mg 45 Rhodium Rh 78 Platinum Pt 
13 Aluminum Al 46 Palladium Pd 79 Gold Au 
14 Silicon Si 47 Silver Ag 80 Mercury Hg 
15 Phosphorus P 48 Cadmium Cd 81 Thallium ТІ 
16 Sulfur S 49 Indium In 82 Lead Pb 
17 Chlorine СІ 50 Тіп 5п 83 Bismuth Bi 
18 Argon A 5] Antimony Sb 84 Polonium Po 
19 Potassium K 52 Tellurium Te 85 Astatine At 
20 Calcium Са 53 Iodine І 86 Radon Rn 
21 Scandium Sc 54 Xenon Xe 87 Francium Fr 
22 Titanium Ti 55 Cesium Cs 88 Radium Ra 
23 Vanadium V 56 Barium Ba 89 Actinium Ac 
24 Chromium Cr 57 Lanthanum La 90 Thorium Th 
25 Manganese Mn 58 Cerium Ce 91 Protactintum Ра 
26 Iron Fe 59 Praesodymium Pr 92 Uranium Џ 
27 Cobalt Co 60 Neodymium Nd 93 Neptunium Np 
28 Nickel МІ 61 Promethium Рт 94 Plutonium Pu 
29 Copper Cu 62 Samarium Sm 95 Americium Am 
30 Zinc Zn 63 Europium Eu 96 Curium Cm 
31 Gallium Ga 64 Gadolinium Gd 97 Berkelium Bk 
32 Germanium Ge 65 Terbium Tb 98 Californium СІ 
33 Arsenic As 66 Dysprosium Dy 

Given below by atomic numbers are some foreign or obsolete names for certain of the 
elements. 

4 Glucinium, Gl 41 Columbium, Cb 61 Illinium, Il 80 Hydragyrum 
11 Natrium 43 Masurium, Ma 71 Cassiopeium 82 Plumbum 
13 Aluminium 47 Argentum 72 Celtium 85 Alabamine, Ab 
19 Kalium 50 Stannum 75 Bohemium 86 Emanation, niton 
26 Ferrum 51 Stibium 79 Aurum 87 Virginium, Vi 
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TABLE 658.—ELECTRON CONFIGURATIONS OF THE ELEMENTS, 
NORMAL STATES * 


M N 
—€—— 
2p 3s 3p 3d 4s 4p 4d 


~ 


кш 
= 
tw 
~ 


OOnT A Cn Ој Ку кы 
пол от 
(b 


~ 

К =ч 

(а 

~ 
(Мә Кә У А 22 
А УУ = 
NAN N NAN ANNA AANA AAACN ANA AAA ANA AAANANANANANA AWD = 
КИ 09 ыы ыы ыы ыы ЫЫ МЫ FO DO FO DY) АЈ 
NNN NNN NN ANN IN ANA ANA AANA ANAANANANAAAA Nn & о м н 


NODDY DD DD HDD DNDN DDD DO DY DO DOD HO DO м м № = 


1 
2 
3 
5 
5 
6 
7 
8 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


С\С©С\С\С\СОС\С\С С С\С\ л & GD mm 
ONUA A DN = 


шеше» 


* See column 3, Table 623. G. T. Seaborg, private communication. 


(continued) 
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TABLE 658.—ELECTRON CONFIGURATIONS ОҒ THE ELEMENTS, 
NORMAL STATES (concluded) 


K L M N O R 
нат атак анны" ~ ег ен 

ls 2s 2p 3s 3p 3d 45 ар 4d 44 5: 5р 5d Sf 6: Өр 6а 7% 
121 2212 6 2 6 10 2 6 10 1 
pcd о 2 6 10 2 6 10 2 
T 0 2 0 10 2 6 10 2 И 
Шеш 272 60 2 O 10 2 6 10 2 NE 
С = GC 2 6 19 2 6 10 2 NS 
PEE 0120 2 6 10 2 6 o 2 4 
53 1 20 0 2 6-0 2 6 70 2 5 
0260 2 6 30 2 6 10 2 № 
СЕ 2 6 2 G 0 26 10 2 № 1 
БЕ 2 0 2 6 10 26 10 2 ND 2 
одани о. 2 6 0 2 6 10 2 6 1 2 
РС 26 026 0 MP 2 Go 2 
POL 0 2 6 0 2 6 1 чу 2 %5 С 
o dE cu 2 0 MID 226 074 2 To 2 
GIUM 75. 2 6o 30 2246 10 5 2 6 2 
О к 2 6I» 286 0 6 2 0 2 
ӨЛЕ 2002 со 216 100277 2 gab 2 
"ааа, 0 2 бо № 206 107 2 о |! 2 
бод о 0 2 6 ІП 26 0-9 2 © 2 
О ы с хл 6 10 2 6 10 710 2 6 2 
Но NE 0—2 640 226 10 1l! 2 © 2 
(ОЕ 522 6500 226 0 112 2 36 2 
атта GU. 6070 220 0-15 2% 2 
Ур ӨШ?) 5/2 6 № 2®6 10 14 2 % 2 
ТІРІ Ж 2502 6 0 2206 10 14 2 До 71 2 
D HIMEN uo. 60130 226 10 M 2 бо 72 2 
1 Ла 59-206 0 26 10.14 25 3 2 
ИНЕ? E932 6 0 26 0 45 270 34 2 
кета? ы? 6 126 104 245 $5 2 
ООС Г Сг 6 №0 206 10714 270 о С 
ШЕТ ОШ 60 30 296 104 2 355 7 2 
аа ош о Ю 226 10 14 2066 9 1 
Ж A2 602. 030 2-70 10 14 2 6 10 1 
Шы Си 610 2 6 11 14 2 бо 10 2 
ZEE N60. 245610 2 о 10 34 29» 10 ze | 
Ep" о ле 6 10 2 6 10 14 2008 10 D 
РИ 572026 ІП 2 6 10 14 2" 105. 10 2-9 
оС 5 10 2-60-10 А еро 2 4 
ВО СНС о: >= 6 ф 2 © 0 о је 2 S 
SON EI oS о. 10 2 .6. 10 184-2041 2 6 
БУШ о (о: 2 С О0о 2 -6 10 14052) 0. 10 2 MO 1 
cu ^27 25929267 10—.2- 6 10 14 270-010 2 6 2 
ПИ ТАЛОО O10 2 6 10. 14" 2 со 2 6 Ir? 
об 26 0 14 2610 227042 2 
ШЕ 282260 2 6 026 10 4 220 ААА ШЫ 
ПЕТ бо 2 60 0 26 10 4 275 0 - 
ӘЗІР 2%2 5 2 6 10 2 6 10 4 20011 М 
ШРШ 2 о 2 6 10 2 6 10 4 26 ШАШ 
Ан 7:2 6 2 6 10 2 6 10.14 2 6 ОКЕ РЕ 
Ор то ка о 2 6 10 2 6 10 14 2 6 Ш/ 2а а 
92 ВК лана бо 2 6 10 2 6 10 14 2 6 ША” АО 
РУСЕ ШАН 6°92 6 10 2 6 0 14 2 6 Шағала а ны 
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TABLE 659.—RADII, IN ANGSTROM UNITS, OF THE ELECTRONIC ORBITS 
OF LIGHTER ELEMENTS 20° 


__-_—їЕ ——— ——-———-—. —————— 


К L M N 
A = ш ee А SAS ae 
Element 15 25 2р 35 3p 3d 4s 4p 
H 53 
He .30 
Li .20 1.50 
Be .143 1.19 
В 112 .88 85 
C .090 ‚67 66 
М .080 .56 53 
O .069 48 45 
F 061 41 38 
Ме 055 .37 232 
Ха 050 32 ‚28 1.55 
Мр 046 30 125 1232 
А1 042 27 523 1.16 121 
Si 040 .24 21 ‚98 1.06 
[Р 037 29 .19 ‚88 92 
5 035 E .18 ‚78 82 
СІ 032 .20 .16 72 75 
А 031 .19 .155 .66 67 
K 029 .18 .145 .60 63 2.02 
Ca 028 .16 .133 255 58 2.03 
Sc 026 .16 1127 52 54 6l 1.80 
Ti 025 .150 122 48 50 55 1.66 
V 024 143 117 .46 47 49 1.52 
Cr 023 138 2112 .43 44 45 1.41 
Мп 022 133 ‚106 40 41 42 1.31 
Ее 021 127 101 .39 39 39 1.22 
Со .020 2122 .096 ЗА 137 36 1.14 
Ni ‚019 ‚117 ‚090 ‚35 ‚36 .34 1.07 
Си 019 112 .085 .34 34 32 1.03 
21 018 106 081 2 32 30 97 
Ga 017 103 .078 431 31 28 92 1.13 
бе 017 100 076 .30 30 27 88 1.06 
As 016 097 073 .29 29 25 84 1.01 
Se 016 095 071 .28 28 24 81 95 
Br 015 092 069 27 27 23 76 90 


Kr 015 090 067 25 25 22 74 86 


203 Slater, J. C., Introduction to chemical physics, 1939. Courtesy of McGraw-Hill Book Co. 
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TABLES 6060-668.—ABUNDANCE OF ELEMENTS 625 
TABLE 660.—ELEMENTAL ABUNDANCES IN THE UNIVERSE * 
(Atoms per 10,000 atoms of Si *) 
Ele Abun- Ele Abun- Ele Abun- 

Z ment dance Source || 2 ment dance Source Z теп dance Source 
1 Ht ӘРІП? 5 29 Си 446 М 58 Ce .023 M 
2 Hef 35x10 S 30 Zn 1.6 M 59 Pr 0096 M 
3 [4 1 31 Ga ‚65 М 60 Nd . .033 M 
4 Ве 22 32 Се 2.5 М 61 Рт 29 T 
5 B Z 33 As 4.8 M 62 Sm  .012 M 
6 C 80,000 S 34 Se 25 М 63 Eu .0028 М 
7 М 160,000 5 35 Br .42 M 64 са .017 М 
8 О 220,000 S 36 Кг} (oS. 65 Tb 0052 М 
9 F 90 р 37 Rb 071 М 66 Dy, 020 М 

10 Ме? 9,000-24,000 Р, 5с 38 Sr 41 М 67 Но 0059 M 

11 Ма 462 = 36 М 39 Y .10 M 68 Er .016 M 

12 Mg 8,870 + 250 M 40 Zr 1:5 M 69 Tm .0029 М 

13 Al 882 + 81 M 41 Nb 009 М 70 Yb 015 М 

14 Si 10,000 М 42 Мо 19 M 71 “Еп 0048 М 

15 Р 130 М 43 Tc vi: 72 Hf  .007 M 

16 S 3500 S 44 Ru (093 М 73 Та .03 M 

17 СІ 170 B 45 Rh 035 М /4 W .17 M 

18 A1 130-2200 Р,Ре 46 Pd 032 M 75 Ке 004 М 

19 К 69.3 = 7.5 М 47 Ag 027 М 76 Os ‚035 М 

20 Са 670 +74 М, 5 48 са 026 М 77 Ш 014 М 
21 Sc 18 M 49 In 01 М 78 Pt 087 М 
22 3] 26.0 = 9.0 М 50 Sn .62 М 79 Au .0082 М 
2з V 25 М 5] Sb 017 M 80 Не ? М 
24 Cr 95 M 52 Те 2 Е 81 ТТІ ? M 
25 Mn 77 M 5388 1 .02 eT 82 Pb 524 М 
26 Ее 18,300 М 54 Хе? о ЕМ 83 В .0021 M 
27 Со 99 М 55 Cs 001 M 90 Th  .012 M 
28 Ni 1,340 M 56 Ba 039 M 92 U 0026 M 
57 Ға 021 M 


204 Brown and Harrison, Rev. Mod. Phys., vol. 21, p. 625, 1949. 


* Silicon is 12.3 percent by weight in meteorites. t The hydrogen-helium ratio and the ratio of hydrogen 
and helium to the ‘‘oxygen group" elements (C, N, O, Ne, Fe) are those со by J. Greenstein and reported 
by M. Harrison, Astrophys. Journ., vol. 108, p. 310, 1940. 1 Зее Т 663. $ Stellar and meteoritic 
values have been combined by equalizing the calcium abundances. || The letters S, P, Sc, Pe, and M desig- 
nate the sources chosen (solar, planetary nebulae, T-Scorpii, y Pegasi, or meteoritic). 


TABLE 661.—ABUNDANCE OF ELEMENTS IN OUR PLANET GIVEN IN 
PERCENTAGE BY WEIGHT * 


Lithosphere,t Lithosphere,t 


Earth hydrosphere, Earth hydrosphere, 
Element crust Earth atmosphere Element crust Earth atmosphere 
O 46.6 24.4 49.38 P 17 12 
Si 2/7 12:2 25.8 C .07 .17 
А1 8.1 1.0 7.5 СІ 05 19 
Fe 5.0 45.6 4.66 H 04 ‚87 
Са 3.63 1.2 3.34 Си ‚01 ‚01 
Ха 2.8 47 2.55 Zn .0005 .03 
K 2.16 212 2.38 As .01 Ж 
Ме 21 9.4 2.07 Ва he 04 
Ті 4 06 ‚61 Е У .04 
Mn 1 .19 .09 N .03 
Ni а 3.41 01 Zi 02 
S 1.08 ‚07 V .02 
Co .26 .002 Sr .02 
Cr 22 03 





* This table was selected from several sources including the aport. by Brown (see footnote 204) and 
data furnished by Ingerson of the U. S. Geological Survey. The lithosphere, 10 miles of earth 
crust, makes up 93 percent, the hydrosphere makes up a pan the atmosphere makes up 0.03 
percent of the part Si bs earth considered. Proc. Nat. Acad. Sci., vol. 8, p. 114, 1922. 
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TABLE 662. —CHEMICAL COMPOSITION OF EARTH—METEORITES AND 
SOLAR ATMOSPHERE * 25 


The table gives log NH, where NH =the number of atoms, neutral and ionized, per 
сте. Constants added to data of Russell and Brown to give order of magnitude agreement 
with Unsold. : indicates less accuracy; ? origin doubtful. 

H and He are about 97 percent of the total solar mass, the oxygen group 2.7 percent, 
the metals 0.3 percent; and by numbers of atoms 99 percent, 0.9 percent, and 0.1 percent 
respectively. 

The level of ionization in the solar atmosphere is such that atoms ої IP = 8.33 ev are 
50 percent ionized; ionization temperature = 5676°K; electron pressure = 32 bar; 85 
percent of free electrons come from Mg, Si, Fe, according to Unsold. 


Earth- Earth- 

Element meteorite f Sun 1 Sun $ Element meteorite f Sun {ў Sun $ 
ІН 18.04 221 24.13 41 Nb 13.05 12:6: E 
2 He OE. 20.6? 3. 42 Mo 14.38 13.0 13.40 
S I3 14.91 15:6: 27. 44 Ви 14.07 13.3 te 
4 Be 14.23 13.4 T. 45 Rh 13.64 12.1 
5 B 14.72 16.6 : E 46 Pd 15:61 12.7 
oC 1722 19.1 19.91 47 Ag 13:53 126 
7 N 15.01 19.6: 20.23 48 Cd 13.52 13.8: 

80 19.64 20.6 20.35 49 Іп 13.10 11.6: 
9Е 15.48 176: DE. 50 Sn 14.89 12.8? 

10 Ne am. 33; ЖЕ. 51 Sb 13.33 12.4: E. 

11 Na 17.76 18.8 17.90 53 | 13.35 „9 m. 

12 Mg 19.05 18.9 19.13 95 Cs 12.10 ? чор 

13 А! 18.04 18.0 17.95 56 Ва 13,69 14,9 14,57 

14 51 19.10 19.1 18.91 57 Та 13.42 13.4 LM 

БР 1721 15.6: m. 58 Ce 13.46 14.0 

16 S 17.98 173: 18.54 59 Рг 13.08 12:2: 

17 СІ 16.63 E 60 Nd 1362 13.6 

ВА ОЮ. Jan 62 Sm 13.18 13.1 

19 К 16.94 18.4: 16.82 63 Еи 12:55 13:0: 

20 Са 17.93 183 17.85 64 Gd 13:33 12 

21 5с 14.36 15:7 14.95 65 Tb 12.82 

22711 16.52 16.8 16.58 66 Ру 13.40 132 : 

23 V 15.50 16.6 15.67 67 Ho 12.85 c 

24 Cr 17.80 17.3 17.20 68 Ег 13.30 11.28 

25 Mn 16.99 17.5 17.08 69 Tm 12.56 І2ЛЕ 

26 Fe 19.37 18.8 19.34 70 Yb 13.28 120° 

27 Со 17.10 122 16.65 71 Lu 12.78 126° 

28 Ni 18.23 17.6 17257 72 Hi 12.94 12.0 

29 Cu 15.76 16.6 15.85 73 Ta 12.59 116: 

30 ?п 15.30 16.5 16.40 74 W 14.33 11.8 

31 Са 14.91 13.6: "m 75 Re 12:1 

32 Ge 15.50 14.6 s 76 Os 13.64 12. 1: 5 

33 Аз 15.78 — 77 Ir [525 11.4? 

34 Se 14.50 US т 78 Pt 14.04 152 

35 Br 14.72 за: md. 79 Au 13.01 E Mee 

37 Rb 13.95 13.3: к 82 РЬ 14,53 12.8 14.2 

385г 14.71 14.9 14.97 83 Bi 12.42 E. eum 

39 Y 14.10 14.2 14.83 90 Th 13.18 

40 Zr 15.28 14.1 13.99 92 U 12.51 


* Prepared by B. Bell. 

25 Brown, Rev. Mod. Phys., vol. 21, p. 625, 1949; Russell-Dugan-Stewart, Astronomy, vol. 2, p. 503, 
1938: Unsöld, Zeitschr. f. Astrophys., vol. 24, p. 307, 1948. 

1 Brown. 1 Russell. $Unsold. 


TABLE 663.—COSMIC ABUNDANCES OF THE RARE GASES * 


As estimated by interpolation of the abundance curves (abundances in atoms per 10,000 
atoms of silicon). 


Isotope used Estimated Estimated Isotope used Estimated Estimated 
for inter- abundance abundance for inter- ahundance — abundance 
Gas polation of isotope of element Gas polation of isotope of element 
Ne Ne? 100 37,000 Kr Kr” 41 87 
A A” 1000 1,000 Xe Ken 004 015 





* For reference, see footnote 204, p. 625. 
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TABLE 664.—66 KNOWN ELEMENTS IN THE SUN'S ATMOSPHERE * 627 


Part 1.—Approximate counts of atomic lines identified in solar and sunspot spectra ™ 
———————————————-—— a a O O 


Neutral atoms Singly ionized atoms 
A$ 
Disk Spot Disk 
No. lines ** a lines No. lines 
7 Е з | 

T 05 > ЖОО v = 2 Е в 
P: сы м2 - Е 5 = = 
ы 5 Е = =) a = i 5 = 3 

FHI 9 40 25? 

2 Hert 1 5 5 

За 2 --3 3 

4 Ber 2 --3 

5 В} Веп 2 1 

ШІ СІ 41 7, 12 10 

7 Мі 8 6 —1 --2 

8 Or 12 1 5 1 

9 Е} 

11 Nai 21 6 30 70? 

12 Mgr 55 4 (200) 30 Меп 12 2 (1000) 
13 АП 22 5 20 25 

14 Sit 156 29 (80) 12 

15 Pi 6 1 1 Sill 4 2 2 
1G EST 31 10 8 2 

19 КІ 4 3 12 20 
20 Cai 108 21 20 40 
21 Sci 43 14 2 15 1 v Сап 25 1000 
22 Іт 687 264 74 134 2 10 ӛсіп 57 220 6 
23 VW 272 133 4 53 2 8 Тіп 255 119 12 
24 Cri 776 305 10 23 12 Vil 160 103 5 
25 Мпі 185 73 7 1 12 Сти 216 133 6 
26 Feri 4164 877 40 2 35 Mni: 16 11 6 
20m Cor 501 209 6 7 6 Ее 371 140 6 
28 Nir 617 180 25 9 Соп 6 7 0 
29 Cul 14 3 10 7 Nin 13 8 3 
20 Zn 9 3 3 1 
т 1 1 1 2 
32 Gei 5 3 
37 Rbr 1 —3 1 4 
38 5гі 13 2 1 6 3 Sri 8 2 9 
39 үү 17 10 0 12 1 3 Yn 53 18 3 
40 7гі 59 41 0 41 3 ДЕП 148 93 3 
41 Nbr 4 2 =1 МЫ п 13 8 —1 
42 Mor 8 6 --2 Моп Z 5 0 
44 Rut 15 5 —1 
45 Rhi 8 3 --2 Rhu? 3 2 =? 
46 Рат 8 7 0 
47 Арі 3 0 
48 Сат 1 —1 
49 Іпі 1 = —} 
50 Sni 2 2 E 
51 Sbi 1 1 —3N 


56 Bal 1 1 Ball 6 3 8 


е 


* Prepared by Charlotte E, Moore, National Bureau of Standards. 

he sources used are as follows: 

2935A—3062A, Babcock, H. D., Moore, C. E., and Coffeen, M. F., Astrophys. Journ., vol. 107, p. 287, 1948 
(Mount Wilson Contr. No. 745). | i 

3062A—6600A, St. John, C. C., and others, Revised Rowland Table, Carnegie Inst. Washington Publ. 396, 
1928, with unpublished corrections and revisions by C. E. Moore (September 1949). 

6600.\—13495A, Babcock, H. D., and Moore, C. E., Carnegie Inst. Washington Publ. 579, 1947. 

The counts included also the raie ultime of Mgi (2852A); the ultimate lines of Мен (2795А, 2802А) 
and the strong Si : line at 2881A. These lines, among others, have been identified in the ultraviolet solar spec- 
trum photographed from a V-2 rocket. Intensities in parentheses are quoted from the paper on this subject by 
Durand, E., Oherly. J. J., and Tousey, R., Astrophys. Journ., vol. 109, p. 1, 1949. (See also Hopfield, J. J., 
and Clearman, H. E., Phys. Rev., vol. 73, p. 877, 1948.) | 

For lines of H and He see Menzel, D. H., Lick Obs. Publ. 17, p. 1, 1931; Mitchell, S. A., Astrophys. Journ., 
vol. 105, p. 1, 1947. : И 

** Тћезе counts refer to lines not present in disk spectrum. f Lines of H and He are prominent in the 
spectrum of the chromosphere. f B and F are identified only from their presence in compounds (see Part 2). 


(continued) 
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TABLE 664.—66 KNOWN ELEMENTS IN THE SUN'S ATMOSPHERE (concluded) 


Neutral atoms Singly ionized atoms 
Disk Spot Disk 
m 
No. lines No. lines No. lines 
gi 
p 5 E 
M TEN Ж E Е v ES 
Ф > "о = © © v = Бе 
RE 5 Е к 5 Е x Е = Е x 
< Я 5 Ба = = m = 5 © m = 
57 Lal 1 —2N La II 44 20 ] 
58 Сеп 106 81 0 
59 Рем 11 16 =] 
60 Мап 74 72 1 
62 Sm II 82 63 0 
63 Eur 2 —] Eu ri 10 4 1 
64 Сап 29 20 0 
65 Tb 11? 2 2 --1 
66 Руп 29 25 1 
68 Er i1 2 —] 
69 Тти? 6 5 —1 
70 Ybi 2 0 1 УБи 2 3? 
71 Lu 11? 1 4 --3 
722 FH 1 1 —3 Hí r 13 5 —] 
73 Тат? 3 —2 
/4 Wi 13 8 --1 --1 
76 Оз1 2 4? 0 1 --1 
722 Јел 2 4 --2 
78 Р{ї 3 2 
79 Aui 1 --3 --2 
82 Pbi 2 --2 
1 --1 


90 Thi 


Part 2.—Molecules in the sun—18 present (either disk or spot spectrum, or both)?" 





OH Mg H Sc O CH Mg C Y O 


NH C Al O? Cn Ca H Mg F 
О, Ti O Zr O Si H BH Sr F 


27 Babcock, H. D., Astrophys. Journ., vol. 102, p. 154, 1945 (Mount Wilson Contr. No. 708). 


TABLE 665.—ABUNDANCES OF LIGHT ELEMENTS IN EARLY TYPE STARS 


The table gives the number of atoms per 1000 atoms oxygen for r Scorpii, spectrum 
аВо,2%: 10 Lacertae, O ; ®®; y Pegasi, B2.5 IV,” ; mean for 8 B-stars, weighted mean by 
Aller,™ the last 3 columns from letters to the editor, 1950. : less certain. 





Element Т Sco 10 Lac y Peg 8 B.stars Mean 
ЕН 10 10° 20 105 87x 10° Ма 20x 10* 
2 He 1.8 10° 1.68 10° 5.5x 107: “Жы: 1.7 Ж 10° 
6 С 170 200 120 150 160 
7 М 380 220 200 230 250 
80 1000 1000 1000 1000 1000 

10 Ме 1100 880 Бы eo 1000 

12 Mg 59 62 310 93 120 

13 Al 3.7 е 11 4.2 6 

14 51 64 82 90 38 60 

57Р TC ne ].1 e ].1 

16 S 40 22 30 

17 СІ РЭ: ee 20: оқа 205 
18 А аи Be 100: is 100: 


208 U'nsóld, Zeitschr. f. Astrophys., vol. 21, p. 1, 1941. 
200 Aller, Astrophys. Journ., vol. 104, p. 347, 1946. 
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TABLE 666.—GASES IN INTERSTELLAR SPACE » 79 629 


The gases that have been detected are listed together with the means of detection and approxi- 
mate abundances. Both the observations and the application of ionization theory introduce con- 
siderable uncertainty in the determination of abundances. Values given are the best current 


estimates. In general, the composition of the interstellar gas appears to be the same as for the 
stars. 


лы ———À 


Density Density 
in clouds in clouds 
Gas atoms/cm? Detection Gas atoms/cm? Detection 
Hydrogen 10 Emission lines Titanium 107 t Absorption lines 
Oxygen .01 Emission lines Nitrogen ee: N emission, CN ab- 
Carbon ‚003 Molecular absorp- sorption lines 
tion lines Potassium ЛОТ Absorption lines 
Calcium 2x 10:* Absorption lines Sulfur сав Emission lines 
Sodium 4x10 Absorption lines CH 10° t Absorption lines 
Iron "TT Absorption lines CN 10° Absorption lines 
Mean gas density...... ЗАРИ ст 


. The interstellar gas is strongly concentrated in clouds as evidenced by the multiplicity of 
interstellar absorption lines. Stromgren suggests density between clouds is about 196 of that 
in clouds. 


* Prepared by B. Donn. 

?19 Adams, Astrophys. Journ., vol. 109, 1949; Publ. Astron. Soc. Pacific, vol. 60, p. 354, 1948; Dunham, Proc. 
Amer. Philos. Soc., vol. 81, p. 277, 1939. Ledoux, Pop. Astr., vol. 49, p. 513, 1941. Stromgren, Astrophys. 
Jora, Yol ps poe 1948. Struve, Journ. Washington Acad. Sci., vol. 31, p. 217, 1941; Astrophys. Journ., 
vol. 895m 217, 1939 


1 Values for apparently abnormally dense cloud. 


TABLE 667.—THE ABUNDANCE OF CERTAIN ELEMENTS IN THE NEBULAE 2: 
(Given as the exponent of 10) 


Abun- Abun- Abun- Abun- Abun- 


Element dance Element dance Element dance Element dance Element dance 
H 5. 7 Pl) CIN... 9 Dam ct АМ 5... 8 Sc ш <6-- 
Не... в. 10 М... 9— Mg ..... 7+ Cl... и <7— 
Li Q2 «8—  O ....... 9 АІ acs cha ok А 7 У <8 
Be LEN. —S— BRE... 6 БИЕ А 229 K ose бы С. <7 
B. e «9 Ne ...... 8 В <8— Ca ...... 7— Mn ..... <7 

Ре 27% 7+ 


211 Bowen and Wyse, Lick Obs. Bull., vol. 19, p. 1, 1939. 


TABLE 668.—MATTER IN INTERSTELLAR SPACE *?¥ 


The interpretation of the interstellar absorption curve and of absorption by dark clouds 
requires the presence of small grains with radii ranging around 10° cm. Polarization of 
starlight indicates that some, if not all, grains are elongated. Composition, from absorp- 
tion curve and scattering appears to be mainly dielectric. 


Density of matter 


Solid grains: 


Шаты Е Т а we seer 107° g/cm? 

I'aneessleud e absglenae (10 -т/Қкрс)....222-.- 22.2. 1075 g/cm? 

Densercondensation, abs 5-10 m. (1000 m/kpc) -—- еее 107? g/cm? 
Мекен Разана рга 2.0 3x107* g/cm? 
Oortilimit (Max density, stars plus diffuse matter)...............:.. 6x 10-* g/cm 
Meangpacewdensibdol stellar matters e.c. 3x10^* g/cm’ 





* Prepared by B. Donn. \ 

212 Greenstein, Harvard Circ. 422, 1938. Spitzer, Astrophys. Journ., vol. 93, p. 369, 1941. Van de 
Hulst, Rech. Astron. del'Obs. d'Utrecht, vol. 11, pt. 1, 1946, pt. 2, 1949. Schalen, Publ. of Uppsala 
Observatory, 1930 on. Oort, Astron. Inst. Netherlands Bull. No. 283, 1932. 
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630 TABLES 669-682.——COLLOIDS 


Colloidal science originally dealt with that large field of small particles, but 
now it has been extended to cover also those materials that are small in one or 
two of the three dimensions. Thus, this field now includes chain molecules 
and films as well as the fine particles. 

The diameters of atoms range from 2 to 3 A (angstroms) while diameters 
of ordinary inorganic molecules extend from about 7 to 10 4. Organic mole- 
cules are much larger and their dimensions may extend to 20 4 or larger. 
It is sometimes stated that colloid particles range in diameter from 20 A to a 
much larger value but it must be remembered that it is difficult to fix such 
dimensions. 

Many of the properties of colloids are due to their relatively very great sur- 
face as compared with their volumes. Some of the newer experimental tools, 
1.e., ultracentrifuges, X-rays, and the electron microscopes, have been a great 
help in studying these particles and their reactions. Several tables follow that 
give properties and characteristics of colloids and colloidal particles. 


TABLE 669.—BROWNIAN MOVEMENT 


The Brownian movement is a microscopically observed agitation of colloidal particles. 
It is caused by the bombardment of them by the molecules of the medium and may be used 
to determine the value of Avogadro’s number. Perrin, Chaudesaignes, Ehrenhaft, and 
De Broglie found, respectively, 70, 64, 63 and 64 X 10” as the value of this constant, The 
following table indicates the size and the dependence of this movement on the magnitude 
of the particles. 


Diameter Temp Velocity 
Material Х 105 ст Медшт PU X 105 cm/sec 
Dus рагїїсїез ‚5 ........... 2.0 Water — попе 
Golden. СО ло .35 а, 20? 200. 
Со. зә: Ж О 41 т “ 280. 
о... .06 E Ы 700. 
Piatinum 2... МЫ... 4 03 Acetone 18 3900. 
Ри оо... 52. .4 40.5 Water 20 3200. 
Rubber emulsion ............. 10. Я 17 124 
Мапе Е Оет 10. М 20? 1153 
G3mDOBe Molle ERE s 4.5 20 24 
C NEN T d 249 5 Ы, 3.4 


The movement varies inversely as the size of the particles; in water, particles of 
diameter greater than 4u show uo perceptible movement; when smaller than .ly, lively 
movement begins, while at 10m the trajectories amount to up to 20my. 


TABLE 670.—PARTICLE SIZES OF SOME INDIVIDUAL DUSTS * 


Dust Diameter, cm 
Milk powder (bs. evaporation of fine^snpay)-..--. 0 ет - 1.4хХ10%-- 7Х10 
Біпе роулет (300 mesh) e£., cement. reae aien e 1x10°— 710° 
Smelter tumes 2... и а. Ix 107— Іх Е 
Atmosphere, fog particles ОИТ 1.4x:102—3.5»(102 
Cement. kilnolüe dust... essor жеш ШЕКЕЛ 6x10^2— 810% 
H.SO, mist from concentrators.....2- >see 11х107—1.6жх 107 
МНС ос НИ ево ||| || оне 1Х10--- 1Хх10% 
Ой әшОЕе”.,..........ӛӚӛ522.....-..Д4 ен сине ла ПИ 1%10"— 5x107 
Кееш Smoke „а.е „= ____ а Ix10*'— Ts 
Tobacco smoke e.s.. oer aoee rT e Моше». ез” 15105 — 1 


712a Alexander, J., Colloid chemistry, vol. 2, Chemical Publishing Co. Used by permission. 
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TABLE 671.-—PROTEIN MOLECULES 21 631 


M, molecular weight ; f/f», dissymmetry constant; a, short diameter ; b, long diameter. 


Substance M 


f/fo b/a а(А) b (A) 
ООШ С... ӨҚ... ....... 35000 2.0 20.1 16 322 
уи шенкотес С-2......................... 15600 1.3 5.8 18 98 
ен ооо. о 26000 1.6 11.1 18 196 
О а ао... 27500 1.6 КІРІ 18 196 
Ев тпостиогіп (слікотмти5) -............. 31400 1.6 11.1 19 208 
Serum albumin, urea denatured............ 67100 1.98 19.4 20 356 
C a des ek Rs wa cee aes 17500 1.2 4.3 21 91 
Кгу{пгосгцоги (/аире!та) ................ 17100 2 4.3 22 94 
Ее В. еее 37700 1.3 5.8 25 144 
а, и «таи De saa einn 17200 1.1 2.9 24 70 
Ко ИЕ осе с аео 30000 1.2 4.3 25 109 
Concanavalin .л.... 42000 1.3 5.8 26 149 
Жина мен... 32000 1.2 4.3 26 112 
[Күрен Бп о Е У О .......... 41800 |22 4.3 28 122 
БЕ, 2-22... ertet 35500 1.08 2:7 3l 84 
DUCERE. E Le cT OU SEU. s 40900 1.13 3.3 31 102 
ОЕЕО а ТОЙ, 40500 1.1 2.9 32 91 
Мешок ори (Погзе) ..................... 69000 1.24 4.8 52 155 
Serum аБипип (Пог5е).................... 67100 12 4.3 34 145 
СПО Тегтеп! .......................... 82800 [7 4.3 36 152 
СаПа И а а rd aia ocean 113000 1.3 5.8 36 207 
кеги уы 167000 1.4 775 37 280 
ЛЕН ПТ... 72000 1:2 4.3 34 145 
Antipneumococcus serum globulin (rabbit).. 157000 1.4 7.5 27 274 
Antipneumococcus serum globulin (man)... 195000 155 9.2 37 338 
Concanava ini onm ОЕ ...... о. М....... 96000 1.1 2.9 43 124 
Erythrocruorfüsm ШП ...........-....... 33600 1.0 E 43 43 
РБецсв јопеба .... 06. .... eee 35000 1.0 5 43 43 
сага Т ceo. Meise. eee 248000 1.3 5.8 46 297 
Antipneumococcus serum globulin (horse).. 920000 2.0 20.1 47 950 
Phycoerythrin (seramuium) ............ eee 290000 12 4.3 54 232 
НЫП есь. 329000 1.3 5.8 51 291 
Оле ви о о. сон 628000 T5 9.2 54 498 
Да БИ ИЕ... 309000 1:2 4.3 55 23/ 
ЕИО M eem 294000 1.1 2.9 62 179 
ес Т a 483000 1.2 4.3 64 274 
Петпосуаптя Тайна) .................. 446000 1:2 4.3 62 268 
TM GbaceOmmMOSAICMVALUS « oco e SR e re 60000000 3.0 
Берат МОО а... 208000 1.02 


213 Neurath, Journ. Amer. Chem. Soc., vol. 61, p. 1841, 1939. 


TABLE 672.—INFLUENCE OF PARTICLE SIZE UPON SOLUBILITY ?* 


Size of 
particles 
Material д Solubility at 25°C 
са О A UN О Е... РОР НЕ 2.085 g per liter * 
OQONEEM ..... ы 2.476 g per liter 
База... О... в OL 2.29 mg per liter * 
ИИ. ИЕ е 4.15 mg per liter 
МЕС, 7 (оазе са ромае 22-22-27 50 mg per liter * 
Very һпе уеПом'15һ роу/Чег............... 150 mg per liter 





214 Thomas, Arthur W., Colloid chemistry, McGraw-Hill Book Co., 1934. Used by permission of the 
author. 

* These are the permanent saturated solutions, The more concentrated solutions, obtained from con- 
tact with the more finely ground particles, slowly revert to the normally saturated solutions and the 
particles grow to 2 u in size. 
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632 TABLE 673.—HEAT OF SORPTION * 


(In small calories) 


Dispersive 
Fuller's Done power 
Substance earth charcoal Kaolin percent 
Арене: uL CIN c 57.1 RT. 78.8 1.54 
УА ООУ... 30.2 18.5 ae 2.82 
Ассис. ы ы. К у. ес Жо. 273 19.3 ae 1.72 
Metiiviralcohol 2... 2655. 2.2.22 21.8 17.6 27.6 1.60 
Ethullicetate S. e me ЕЕ 18.5 16.5 ve 1.05 
Еш а соо К... Ж... LET 1/2 16.5 24.5 CR 
Е ось. о. И 13.4 ты т 
Жал аісоһаоре.. 2.2.2... REED 10.9 10.6 20.4 a 
ЕСЕ етеги... ИД 10.5 жалы мет .90 
СНОН с... EE 8.4 14.0 15.7 ‚86 
Benzene. и.о. со BEES 4.6 11.1 9.9 .39 
Carbon disulfide ел. ои са ОО. 4.6 8.4 9.0 V" 
Carbon tetrachloride se.. -emere nne e DS 4.2 13.9 9.4 522 
HexaHe 2.2... хш... 2... 3.9 8,9 72 22 


* For reference, see footnote 214, p. 631. 


TABLE 674.—EFFECT OF ACTIVATION ON THE ADSORBING POWER 
OF CHARCOAL?” 


Adsorption Granular 


Substance tested mg CCL/(g C) density Physical! character 
ie cum. TIE ON o ИК. 22 ‚96 Fibrous, hard 
Primary iromwood charcoal: .... 2. 30 .89 Hard 
Activated ironwood charcoal............ 1160 72 Hard, friable, granular 
Conumnercial wood chatcoal.25.... 999. 11 .46 Firm, fibrous 
Highest activated wood charcoal *...... 1480 .30 Soft, friable 
Cocoanut shell. e. lugere. Ж T 18 1.20 Hard 
Primary cocoanut charcoal. ... ES 47 .96 Hard 
Activated cocoanut charcoal............. 630 ‚84 Нага 
Ше semicoke 1...6... 30 1.09 Firm 
Good activated lignite charcoal.......... 640 ‚89 Firm 
Highest activated lignite charcoal *..... 2715 .31 Friable, granular 








215 Weiser, H. B., Colloid chemistry, 2d ed., John Wiley & Sons, Inc., 1949. Reprinted by permission. 
* Further activation reduces the granules to a fine powder. 


TABLE 675.—HEATS OF ADSORPTION OF VAPORS ON CHARCOAL * 


Integral heat Heat of Net heat of 


of adsorption, liquefaction, adsorption, 

h ћ- h-Q/ml 

Vapor cal/mole cal/ mole cal/mole cal / mole 
ГО о от ул. 12330 6220 6110 86.4 
Со ЕТТЕ. 12630 6830 5800 99.1 
СЕСИНИ и Т; аи рта онн 12950 9330 3620 90.8 
Се. 14330 6850 7480 102.0 
ЕГЕС... 14250 7810 6440 81.5 
ОИК ese E P asus A E 14930 8000 6930 87.5 
| ОТО л ы a виа тоа e 15420 8380 7040 90.1 
Е... о y a a 15170 7810 7360 85.0 
ООСС а. а се сек. оне 14980 10650 4330 76.8 
CM c. M m 16090 8000 8090 85.6 


(SEIT EET Ur TENENTE ETE 16090 6900 9190 80.3 





* For reference, see footnote 215, above. 
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TABLE 676.—SPREADING COEFFICIENTS, S, OF ORGANIC LIQUIDS ON 


Spreading liquids 


Butyric acid 
Ethyl ether 


Isoamyl chloride 


Heptaldehyde 
Nitromethane 
Mercaptan 
Oleic acid 


* For reference, see footnote 215, p. 632. 


ооо в o 


МАТЕК АТ 20°С * 





S= Wa- Wet Spreading liquids $ = Иа – Ис 
ОЕТ 45.66 Нерїапе 2.22... 2240 
ЗОРЕ Я 45.50 Ethyl bromide ............... 1744 
ЖК: а 33.88 Chlorofornm О 113.04 
E ы 2.22 Ате”... Е... Ие 
ОРООЧ 26.32 Phenetole ., 72798... eet 10:68 
NN 24.86 p-Gymene 2.98.2299 995 LOMO 
Nil 24.62 Isopentane ..9985 02 0e RA 

Liquids which form lenses 5 = Иа – Ио 

Ethylene dibromide .......... — 3.19 
Carbon disulfide ............. — 6.94 
Monoiodobenzene ............ — 8.74 
Bromororm ssec. = =. -- 9,58 
Liquid petrolatum ........... —13.64 


t Wa, work adhesion; Wc, work of cohesion. 


TABLE 677.—HEATS OF ADSORPTION OF GASES BY CHARCOAL 2% 


Argon 
Nitrogen 


Carbon monoxide.. 


216 Lewis, Squires, and Broughton, Industrial chemistry of colloidal and amorphous materials, Macmillan 


eee ete eo о о 


оо еа о о 





Co., 1942. Used by permission of the publishers. 


55 5 E 
ЕЕ 4: БВ 
ту ОУ = то Gas 
... 3636 1504 4180 Carbon dioxide .... 
... 3686 1250  .... Ammonia ...... 
3416 1410 3715 


Е Е Е 

975 © = 
БЕРЕ бо eee 

E cr ға, (5 с 
Qoo gg 55 

т “. T > т wn 
7300 2540 6100 
.. 7200 5000 7120 


TABLE 678.—BOND ENERGIES * ІМ KILOCALORIES PER MOL ?* 


Covalent bonds 


—С = С— 123 
>С = С< 100 


Е 
>C- 0= 70 


Intermolecular 
cohesion Covalent bonds 
>С=0 ·· Н—М< er —C—N« 59 
>С-О“Н-о-- -1 
о СОНЕ носе. 14 ceu Eu» 
Н.О Н--О-Н 5 --5--5-- 64 
—NO;:QiN— 7 —Si—Si«— 42 
Intermolecular 
Covalent bonds cohesion 
->51--О-- 90 Оз:О; 
Ionic bonds —O— :—O— 
Ма", СГ (дгу) 128 —CH.— :—CH.— 
—NH:;*, —COO- 4.5 H:: H; 


in water 


Intermolecular 
cohesion 


—COOR :ROOC— 
--НС--О:О--СН-- 


--СІ:СІ- 
—CH;: H;C— 


В — ~ м 
КО СО СА 


* For the energy per atom, divide these values by the Avogadro number, 6.023 X 10%. 
217 Pauling, Linus, The nature of the chemical bond. Used by permission of the author. 


SMITHSONIAN PHYSICAL TABLES 


6 
5 


3 
2 


634 


TABLE 679.—IGNITION AND PROPAGATION TEMPERATURES OF DUSTS 
IN AIR* 


Degrees Centigrade 





Propa- Propa- 


Ignition gation Ignition gation 
temper- temper- temper- temper- 
Dust ature ature Dust ature ature 
SUD seek vs Sess 540 805 СОК... о пао > 630 1000 
BESTE eee e rr 540 940 Басс o MEER m 630 970 
а. 640 1035 а ее 680 1050 
ОСО eres aet 620 970 Wheat elevator ........ ... (1295) 
995 Oat and corn. elevator .. ... (995) 
КӨШ E oer n 630 (1265) БШО ...... ... (1020) 





* For reference, see footnote 214, p. 631. 


TABLE 680.—LOWER EXPLOSIVE LIMITS * 


Milligrams per liter of air 





Induc- Induc- 
Glowing tion Glowing tion 

Dust Pt wire Arc spark Dust Pt wire Arc spark 
Stance cok vo 70 10.3 157 Susa ви: 10.3 172 34.4 
Corn elevator .... 10.3 10.3 13.7 Aluminum ...... 7.0 7.0 13.7 
Wheat elevator .. 10.3 10.3 Coik $ ...2 172 24.1 No 


SUM 9 e 7.0 13.7 13.7 ignition 


* For reference, see footnote 214, p. 631. 


TABLE 681.—SOME MEASUREMENTS OF EXPLOSION PRESSURES * 





Pressure Pressure Pressure 
generated, generated, generated, 
Dust ]b/in.? Dust ІҺ/іп.2 Dust ]b/in.? 
Lycopodium ..... 17.5 Cornstarch ...... 12.7 оО ыыы ы 9.9 
Реп aaa 14.6 Wheat elevator .. 12.5 Sulfur flour ..... 8.8 
Wheat starch .... 14.0 5ш аг .... 12.2 Rice-bran dust ... 8.7 
Tanbark dust .... 13.3 Linseed meal .... 117 Ground-cork dust. 7.4 
Wood dust ...... 12.8 Pittsburgh coal .. 10.1 





* For reference, see footnote 214, p. 631. 


TABLE 682.—pH STABILITY RANGE OF SOME PROTEINS * 


Stable in the 


Protein Source РН range of 
Аттан... UE Almonds ари. «оса ја нар» ла 4.3 to 10.0 
Bence Jones 22222 222 Ра ћојорса иппе 2.2 2. 35 (0817 5 
ЕЦ@ с, аса Е Нетрзеса 1... 2. ог. НИК ~ Ор. 5.5 tom9 7 
Egg albumin seses- rA Б Hens’ eggs.. incise нь. оо. 4.0 to 9.0 
Erythrocruorin seor e Blood of Aronmcola marzo. .. 2.6 to 8.0 
ВВ ОсОО еее. Blood of Lwmbricus terrestris........... 2.6 to J0.0 
ERCE ooa e Brazil тїшї аР. 5.5 {о 10.0 
оса s.s. Вісояі о: Не йт фотайа................. 45 7.4 
CO-hemoglobin .............. Horse blood hemoglobin plus CO....... 6.0 to 9.05 
Insulin e. а ара ТА и Beef pancreas = ИИ... ея 4.5 40 7.0 
о узт» таш Vetch Ол ere 5.0 to 9.0 
PNY COCV Athen е Ceramium тибтит .................... 1.5 to 80 
Serum albumin 2.20.2222 Ноге роса а ут” 40 to 9.0 
Serum globulin ........:.-.:. Horse blood КО е 4.0 їо 8.0 


* For reference, see footnote 214, p 631. 
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TABLES 683-689.—ELECTRON EMISSION * 635 


TABLE 683.—ELECTRON EMISSION FOR HOT SOLIDS 


The electron emission from a solid varies with the temperature T (°K) in accordance 
with the Richardson-Laue-Dushman equation 


I = AT? [exp (—b./T)] (1) 


where / = current in amps сп, and 4 and b, are constants, characteristic of the material. 
The constant bo is ordinarily expressed in terms of electron volts (4,) where 


Ф, = 8.620 x 102° Ds 
ог бе == 1.160 X 10‘ 0. (2) 


The values of 4 and bə (or &&) are customarily derived from a plot of log (I/T°) 
versus 1/T, where 





be 
log I = log A +2 log T — 2 3037 (3) 
апа log — log to base 10. 
Hence, Ф. = 1986 x 10 (5,/2.309) (4) 


Theoretically, $e, as determined from thermionic emission data, should be identical with 
$e, the “work function” from contact potential measurements, and 4., the work function 
determined by means of Einstein's equation 


Ve-h»—9, 


where » —ífrequency for photoelectric emission, V = retarding potential, e = charge on 
the electron, and k = quantum constant. 


* Prepared by Saul Dushman, General Electric Research Laboratory, Schenectady, N. Y. 


TABLE 684.—ELECTRON EMISSION CONSTANTS FOR METALS AND CARBON 


The table gives emission constants (see preceding equations) for metals and carbon. 
For other values and comprehensive data on this topic see references in footnote 218. 


Element А 10-4bo Фо Іт Тек фе 
Baxter. lee. rne 60 2.47 2.10 1:5x 10^ 800 2.48-2.51 
Calcium ..cccseeeesi 60 2.60 2.24 2.9107 800 2.71 
агро №... 30 5.03 4.34 1.4« 10° 2000 4,82 
Сенип... ses ees m 162 2.10 1.81 2510s. 500 1.91 
Chromium .......... 48 5.34 4.60 3.8Х 10-8 1500 4.37 
Сора, 41 512 4.41 13107 1500 №. 
(СОррег ен. 65 5.08 4.38 5.67107 1000 4.46 
Натшт ........... 15 4.10 3.53 2.8х 10°* 1600 Jee 
ОТ 26 5.20 4.48 6.8 107% 1000 4.63 
Molybdenum ........ 60 5.07 4.37 ра 107° 2000 4.12 
Nickel ж 7 30 5.35 4.61 2.2 1058 1500 
NQiobium ............ 37 4.65 4.01 1.2х 1073 2000 
Palladium .......... 60 5.79 4.99 3.0XxX 10 1600 4.92 
Platinum о.к J2 6.17 5.32 1.8% 107" 1600 
Еһепйшт ........... 200 5.92 51 1.0 107‘ 2000 
Rhodium ........... 33 5.57 4.80 КО 2000 4.92 
Tantalum 2.22.45... 55 4.86 4,19 6.2510: 2000 4.05 
ШІП... 60 3.89 3.35 4.3x10° 1600 3.3-3.6 
О 60 5.24 4.52 1.00 Х 1073 2000 4.3–4.5 
Z COMUM с... 330 4.79 4.13 8.5 х 10-5 1600 





218 Herring, C., and Nichols, M. H., Rev. Mod. Phys., vol. 21, p. 185, 1949. Reimann, A. L., Therm- 
ionic emission, John Wiley & Sons, Inc., 1934. Dushman, S., Rev. Mod. Phys., vol. 2, p. 381, 1930. 
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TABLE 685.—ELECTRON EMISSION (/ = атр/ст:) АМО (ТУ = ма ћ5/ст:) FOR A 
NUMBER OF MATERIALS 21° 


The table gives emission data for a range of temperature, for the most frequently used metals 
and for thoriated tungsten (ThW). Values of 44 and b, used in calculation of 7 (amp/cm^) аге 
those given in Table 684. For ThW, the values used are A = 3.0 and 9$, =2.72, 6, == 3.15Х 10“. 


Tungsten 
Ток 1 W 
1000 . 
1200 5 
1400 Қ” Т 
1600 927x107" 77 
1800 4.47Х10% 142 
2000  1.00x10? 24.0 
2200  1.33x10? 38.2 
2400 ‚116 57.7 
2600 ‚716 83.8 
2800 3.54 117.6 
3000 14.15 160.5 


Molybdenum 


I 


2.39х 107° 

1.0510 

2.15% 107 

259X107 
215 

1.29 


Тата т 
1 И/ 

91 х107 "m 36 
332 < 107 -13.3 
6.21хХ10% 21.6 
6.78хХ10% 342 
.509 51.3 
2:25 75.4 
12.53 105.5 
45.60 144.4 


Niobium 


2-19 107 

6.95x 10"* 

1.16х 107: 
‚115 


ThW * 
I 


1.73% 107" 
3.95%х 107 
2.0310" 
4.06 107 
428 
2.864 


28 Dushman, Saul, The scientific foundations of vacuum technique, John Wiley & Sons, Inc., 1949. Reprinted 


by permission. 


* Layer of thorium on tungsten. 


TABLE 686.—PHOTOELECTRIC EFFECT 


A negative charged body loses its charge under the influence of ultraviolet radiation 
because of the escape of negative electrons freed by the absorption of the energy of the 
radiation. The radiation must have a wavelength shorter than some limiting value № 
characteristic of the metal. The emission of these electrons, unlike that from hot bodies, 
is independent of the temperature. The relation between the maximum velocity v of the 
expelled electron and the frequency » of the radiation is (4)mv* = hy — P (Einstein’s equa- 
tion) where A is Planck's constant (6.62 X 107 erg sec), hv, the energy of a "quanta," P, 
the work which must be done by the electron in overcoming surface forces. (4)mv* is the 
maximum kinetic energy the electron may have after escape. Richardson identifies the P 
of Einstein's formula with the ¢. of electron emission of Table 683. The minimum fre- 
quency » (corresponding to maximum wavelength A») at which the photoelectric effect 
can be observed is determined by hy = P. P applies to a single electron, whereas w applies 


to 96,500 coulombs (6.02 & 10” electrons) ; therefore w = NP = .00399» ergs. ¢= (12.4 
x 1075)», volts. 
TABLE 687.—THE ELECTRON AFFINITY OF THE ELEMENTS, IN VOLTS 
Photo- 
electric 
and Photo- Single- 
Contact Thermionic contact electric Miscel- line Adjusted 

Metal (Henning) (Langmuir) (Millikan) (Richardson) laneous spectra mean 
Шипссееп ........... - 4.52 — — — — 4.52 
ВО us — -- - 4.3 4.45 — 4.4? 
Танат С... - 4.31 — — -- — 4.3 
Molybdenum ........ — 4.31 — — -- — 4.3 
баро з: си — 4.14 — — — — 4.1 
Бег? м”... 4.05 — — — — — 4.] 
CODDeF . 5.3 BERE (4.0) - - 4.1 — — 4.0 
Е — — - 27 — — 34 
Hung UE S is 3.78 — — 3.5 — — 3.8 
EON o шы Ои 3.86 51725 - - - - 3.7 
VC enr. cni их 3.46 — — 3.4 — 4.04 3.4 
пошти 2.2... — 3.36 — — — — 3.4 
2 Dum FED .......... 3.06 -- — 2.8 — — 3.0 
Magnesium ......... 2.63 — - 32 - 4.35 27 
Titanium ен. - 2.4? - - — — 2.4 
Lithium eee 9 — — 2.35 — -- 1.85 2.35 
SOG 2222222. -- — 1.82 2.1 — 241 1.82 
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TABLE 688.—CONTACT (VOLTA) POTENTIALS 637 


There has been considerable controversy over the reality and nature of the contact 
differences of potential between two metals. At present, owing to the studies of Langmuir, 
there is a decided tendency to believe that this Volta difference of potential is an intrinsic 
property of metals closely allied to the phenomena given in Tables 684 to 688 and that 
the discrepancies among different observers have been caused by the same disturbing 
surface conditions. The values are for freshly cut surfaces in vacuo. Freshly cut sur- 
faces are more electropositive and grow more electronegative with age. That the observed 
initial velocities of emission of electrons from freshly cut surfaces are nearly the same for 
all metals suggests that the more electropositive a metal is the greater the actual velocity 
of emission of electrons from its surface. 





Ag Cu Fe Brass Sn Zn Al Ме 
Contact potential with Ag..... 0 .05 .19 ЛІ 2 .59 .99 1.42 
Relative photosensitiveness .... 50 60 65 45 70 80 500 1000 
Pt Fe Cu Au Ag А1 Ме 2п Рђ 5п 
SiO. 22- +2.22 +1.99 +1.60 +1.60 +1.42 +.93 4-93 4.45 +16 — .30 
Glass ..... +115 +115 + 58 + 58 + 58 4,14 +14 —.29 —60 —1.14 
Си Сг Та Мо Ni 
I M e ERE e ste +.08 +1 —3 —21 —.17 





From the equation w= RT 1ор (М„/Мв), where w is the work necessary per gram- 
molecule when electrons pass through a surface barrier separating concentrations Na and 
Ns of electrons, it can be shown that the Volta potential difference between two metals 
should be 


п (и — ts + ЕТ Пор(Ма/Мв)) = Фі-- Фі 


(see Table 686 for significance of symbols), since the number of free electrons in different 
metals per unit volume is so nearly the same that RT log (N4/Ns) may be neglected. 
The contact potentials may thus be calculated from photoelectric phenomena. They are in- 
dependent of the temperature. The following table gives a summary of values of $ in volts 
obtained from the various phenomena where an electron is torn from the attraction of 
some surface. In the case of ionization potentials the work necessary to take an electron 
from an atom of metal vapor is only approximately equal to that needed to separate it 
from a solid metal surface. 


TABLE 689.—-ELECTRODE POTENTIALS 


It should not be assumed that all the emf of an electrolytic cell is contact emf. Its emf 
varies with the electrolyte, whereas the contact emf is an intrinsic property of a metal. 
There must be an emf between the two electrodes of such a cell dependent upon the con- 
centration of the electrolyte used. The following table gives in its first line the electrode 
potential e of the corresponding metals (in solutions of their salts containing normal ion 
concentration) on assumption of no contact emf at the junction of the metals. The second 
line, ¢ — ex — 3.7 volts, gives an idea of the electrode potentials (arbitrary zero) exclusive 
of contact emf. 


Metal Ag Cu Bi Sn Fe Zn Meg Li Na 
Б D CM +: +.80 +.34 420 —.10 —43 —76 —1.55 —3.03 —2.73 
$—e—37 ........ —40 +.04 +.20 —.20 —43 —46 — .55 —1.65 — .85 
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638 TABLES’ 690-696 —KINETIC THESRY-OF GASES * 


TABLE 690.—PRESSURE AND NUMBER OF MOLECULES 


1. Units of Pressure 


n»n = normal atmosphere 
— 760 mmHg at 0°C and 45° latitude 
— 1.01325 x 10* microbars 
l] dyne cm? = 1 microbar — 0.75 micron 
] micron — io mmHg = 1.333 microbars 

= 

Pam = pressure in mmHg 

Pu = pressure in microns = 10° Pmm 
Pub = pressure in microbars = 1.333 & 107° Рат 


2. Number of molecules per unit volume 
For ideal gas, 


pp-— RoT 
Where V = volume per gram-molecular weight 
P = pressure 
T = absolute temperature in degrees Absolute (°K) 
= degrees Centigrade + 273.16 


For ideal gas at 0°C апа А, = 1, 


У = V. = 22,414.6 cm? 
Hence КЮ. = 62.364 mm liter, deg! K g mole" 
= 8.3146 x 10’erg deg" К Е тое"! 
p — density of gas/g/cm? 
= 1.2027 x 10* MPub/T^? g cm"? 
=— 1.6035 X 105 MPmm/T™ g cm? 
Where M = molecular weight in grams 
n = number of molecules per cm? 
= 7.244 X 10° Pub/T 
= 9.656 Х 109 Рлл/ Г 


3. The number of molecules per cm? for different temperatures and pressures 


ТОК) ШЕТ» Im n T ү? Tm n 

273.16 1.0133Х10% 760 2.687 Х 10" 298.16 1.333X10? 1 3.240 10" 
298.16 " “ 2462Х10% 273.16 1.000 Z50X10* 2:053» 10 
27316 T333 X10 1 350 10® ZOSSOL у 2.430 10" 


* Prepared by Saul Dushman, General Electric Co. The formulae and calculations in this section are 
based on a more comprehensive discussion in chapter 1 of his "Scientific Foundations of Vacuum Tech- 
nique" (John Wiley & Sons, New York, 1949). 


TABLE 691.—MEAN FREE PATHS, L, MOLECULAR DIAMETERS, 6, AND 
RELATED DATA FOR WATER AND MERCURY VAPORS * 





ЕЗІ Pmm** 10570 103141 н 1086: 10-4N, { 
Н.О 0 4.58 8.69 2.90 6.34 10~ 4.68 5:27 
I5 12.79 9.26 - d ind Iu 
= 25 23.76 9.64 3.37 142 х 107 S E 
Hg 219.4 31:97 46.66 6.28 1.99 10°‘ 4.27 6.32 
150 0 2.807 39.04 4.87 1.74X10° 4.50 5.70 
100.0 2/20 33.56 922 1.44 10°? 4.70 5:22 
25.0 0018 25.40 2.66 1.45 ali 4.42 
0 T 16.2(J) 1255. 6.26(J) 


* For reference, see footnote 219, p. 636. 

** Pam = vapor pressure at ¢°C. t Ne = number of molecules/cm? for monomolecular layer. 

Іп the case of H;O, for which the values of L (path length) and ô (diameter) for a series of temper- 
ип аге given in the table, the Sutherland relation was used with С = 650 and 7,5 — 926X10-5 cgs 
units. 

In the case of Hg the values of (viscosity) used are based on ¢t = 219.4°C. Values at other tem- 
peratures were derived by means of вета relations, with C — 942.2 
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TABLE 692.—MOLECULAR VELOCITIES AND ENERGIES 639 
Part 1.—Discussion 


Let a denote the most probable velocity, va, the average velocity and v+, the mean velocity 
(the square root of the mean square). ‘Then 


a= V2R.T/M = 12,895 УТ/М сіп sec 

Va = (2/Ут) а = 1.1284 a= 14,551 VT/M cm sec” 

He == V 3/2 a= ].225а = 15,794 УГУМ сш вес” 
The probability of a random velocity v = ca is 

f. — (r/V m)c Lexp — c?] 


The fraction of the total number of molecules, N, which have a random velocity equal to 
or less than v — ca 15 








N. 9 
оу ache 


Part 2 of this table gives values of fe and of y for a series of values of c. The third 
column gives values of Ay, which is the fraction of the total number that have values of c 
between that given in the same horizontal row and that in the preceding row. 

From the relation for fe we obtain the relation for the probability that a molecule pos- 
ы the translational energy E. Let x — E/(RT) where x is a dimensionless quantity. 

en 


f; —2Vx/m (exp — x) 
and the average kinetic energy is E,, — (3/2) 4T 


where — Boltzmann constant 
= 1.3805 X 10™ erg deg™ K 


The last two columns in Part 2, below, give values of fz for a series of values of ж. 


Part 2.—Values of functions for application of distribution laws 


c је y Ay т fz 
0 0 0 0 

2 .0867 .0059 .0059 Л 3229 

3 ‚1856 „0193 „0134 2 .4131 

5 .4393 .0812 .0619 5 .4839 

‚7 .6775 1939 ‚1127 ur .4688 
1.0 .8302 .4276 12337 1.0 4152 
1.3 ‚7036 ‚6634 22358 1.4 .3294 
1.6 .4464 .8369 2735 1.8 .2502 
1.8 .2862 .9096 0727 22 .1855 
2.0 1652 9540 0444 2.5 ‚1464 
2.2 0867 „9784 ‚0244 3.0 ‚0973 
2.5 0275 9941 0157 3.5 .0637 
3.0 .0025 1 — 42X10* 4.0 0413 
4.0 4 1107 Кл ЩТ 5.0 ‚0170 
5.0 6.0 0069 


78Х107% ] — 7.9x107* 


Part 3.—Rates of incidence and of evaporation of molecules 


The rate at which molecules strike a surface is given by 
= (1/4)nve С БСС НИ 
= 2.635 X 10” (Pur)/(VMT) cm"? sec"! 

3.513500 Pua/ V. MT cm sec 
mass of gas of molecular wt, M, 

— 1.6604 x 10-* М» 

— 4.375 X 10^ (P) (V M/T) g cem" sec"! 

— 5.833 & 10°? (Pmm)(VM/T) gem” sec” 

If we assume that the accommodation coefficient for condensation is unity, then the rate 

of evaporation is equal to the rate of condensation and the vapor pressure, Pmm, is given 
by the relation 


Q 
| || 


а= АСЛ 
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TABLE 693.—MASSES, VELOCITIES, AND RATES OF INCIDENCE OF 
MOLECULES * 


», — rate of incidence of molecules per cm? per sec, at 0°C and 1 microbar. 
vy == rate of incidence of molecules per cm? per sec, at 0°C and 1 mm. 
G; — mass of gas corresponding to x, (g cm" sec"). 
G, — mass of gas corresponding to v» (g cm sec"). 
m = mass of molecule in grams = 1.66035 & 10° M ; M — molecular weight; pi? 
= density (g cm?) of gas at 0?C and 1 microbar. 
Us = average velocity (cm sec”). 


10-4 х та 
Саз ог ae A OER 
vapor M 1023 10192,0 0%С 2576 10-117; 10-20у,! 10561 10?G,' 
H; 2.016 „3347 8878 16.93 17.70 11.23 14.97 2/50 ‚3012 
Не 4.003 6646 1.7631 12.01 12:56 7.969 10.63 .5297 .7062 


СЫ; 16.04 2.663 7.063 6.005 6:279 3.981 5.308 1.060 1.414 
NH: 17.03 2.827 7.498 5.829 6.089 3.865 5.152 1.092 1.456 
Н:О 18.02 2992 7.936 5.665 5219 3.756 5.007 1.124 1.498 


Ме 20.18 3 ӘСІ 8.886 3:095 5.594 3.550 4.733 1.190 1.586 
CO 28.01 4.651 12.34 4.543 4.746 3.012 4.016 1.402 1.868 
М, 28.02 4.652 12.34 4.542 4.745 3.01] 4.015 1.402 1.868 
Ат 28.98** 4.811 12.77 4.468 4.668 2.702 3.950 1.425 1.900 
О; 32.00 5.513 14.09 4.252 4.442 2.819 3758 1.497 1.996 
А 39.94 6.631 17.59 3.805 3.976 2525 3.363 1.675 2.230 


CO; 44.01 7.308 19.38 3.624 3.787 2.403 3.204 1.756 2.342 
СН.СГ 50.49 8.383 2205 3.385 3.356 2.244 2-99] 1.881 2.508 


SO: 64.00 10.64 28.21 3.004 3419) 1.992 2.656 2.118 2.825 
Cl; 70.91 1177 31.23 2.856 2.984 1.893 2.524 2.229 2075 
Kr 83.7 13.90 36.85 2.629 2.747 1.743 2.324 2.422 3.229 
C:Hıs 100.2 16.63 44.12 2.403 2.510 1.593 2123 T 2030 3.533 
Xe 131.3 21.80 57.82 2.099 2 199 1.392 1.856 3.034 4.044 


CCl, 153.8 25.54 67.72 1.939 2.026 1.286 1.714 3.283 4.377 
На! 200.6 33.31 (88.33) 1.698 1.774 (1.126 1.501 3.750 4.998) 


* For reference, see footnote 219, p. 636. 

** Calculated from the value p (density) — 1.293 x 10-3 at 0*C and 760 mmHg. 

t Since the vapor pressure of mercury at О°С is 1.85 x 10-* mmHg (—0.2474b), the values given in 
parentheses have no physical significance. Actual values at 0°C, corresponding to saturation pressure, are 
as fellows: p= 21.79 & 10-9; vy = 2.777 00/9; G zx 9.249 9010-9, 


TABLE 694.—MOLECULAR VELOCITIES 0 


Root E square Ae 
Gas velocities, NTP velocities, NTP 
Hydmemen соса ось а es e 18.38x(10* cm/sec 16.93Ж 10* ст/5ес 
Пеи а а онооно ИИ 13.11 12.08 
үа арос И ыты Т 6.15 5.65 
Ме. 5.84 5.38 
Carbo monoxide o scene оу о 4,93 4.54 
Nitrogen. ее 4.93 4.54 
Ethylene Area ER e. E VNDDER DS PL. 4.93 4.54 
Nitric-oxide о... есе EE... OIM 4.76 4.38 
Oxygen eco e М REED C IS 4.61 4.25 
Argon ом оо eee 4.13 3.80 
Carbon dioxide гол 2.00 ТЕ 3.93 3.62 
Nitrous ОХ: д. осети ЖЕ eee 3.93 3.62 
пе ВЮ зе Абии co КЕ 2.86 2.63 
Xenon оса она се о. EME 2.28 2.10 
Mercury vapor «4... 0222 1.84 1.70 
| т 4.85 4.47 
Ammonia esee ое 6.33 5.82 





220 Newman and Searle, The gencral properties of matter, Edward Arnold & Co., London. 
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TABLE 695.—MEAN FREE PATHS OF MOLECULES 


Let L = mean free path, ô = molecular diameter. Then 





1 
L = —= 
У2ти8? 
апа 7 = 0.499pv.L 
when n = coefficient of viscosity 


p = density of gas at given pressure and temperature 
Unit of » is the poise = g cm7 sec”? 


— 





Hence E 145152110 ENG 
i Ee еп 
— 8.589 _7 Au 
РА ММ 
апа = 271110" тет 
7 


n, as a function of T, is given by the relation 


=) 
ке С Г/Л 
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(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


where n = value at To. n = value at T and C is known as the Sutherland constant. For 


short ranges of temperature, the exponential relation is used, of the form 


(nr/no) = CU EE 


(7) 


In Tables 691 and 696, which give values of L, ô and related data for a number of gases 


and vapors, 
nis = coefficient of viscosity at 15°C 
No = $6 “ “ “ 0°C 
and 7)25 = “ “ “ “ 254C 


x = value of exponent in equation (7) 
Г, = value of mean free path (in cm) at 0°C апа 


] mmHg 
L,'9 — value of mean free path (in cm) at 0°C and 
760 mmHg 
Гоу = value of mean free path (in cm) at 25°C апа 
1 mmHg 


Ls" = value of mean frce path (in cm) at 25°C and 
760 mmHg 


6 — value of molecular diameter (in cm) at 0°C 


N, — 1.154/& — of molecules per cm’ to form a mono- 
layer (assuming that the spacing is that of 
close-packed or face-centered lattice) 


w = collision-frequency at 25°C and 760 mmHg 
= ий 


For the vapors of H;O and Hg (Table 691), P — vapor pressure in mmHg at the tem- 
perature t, and L: and ô; denote the values of the mcan free path and diameter, respec- 
tively, at this temperature. For H:O vapor, C = 650 and ms = 9.26 X 107. Еог Не, C = 
942.2 and value of 7 at t = 219.4°C was used. The values of no and ôs for Hg at 0°C are 


those given by Jeans. 
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TABLE 696.—VISCOSITY, 3, MEAN FREE PATHS, L, MOLECULAR DIAMETERS, 
6, AND RELATED DATA FOR A NUMBER OF GASES * 


Gas: . 
Characteristic н, 


poe .69 
10° 71159 1 871 
10x qe 839 


10» ns? 892 
10 x Lo + 8.39 
10x L0 11.04 


10° L269” 9.31 
109» L250” 12.26 
10*x 6 2248 
С 84.4 

ТОМ. з 15.22 
10° Xw ʻi 14.45 


He 

‚64 

1943 

1878 

1986 
13.32 
17.53 
14.72 
19.36 
2.18 

80 
24.16 
7.16 


Ме 

‚67 

3095 

2986 

3166 
9.44 
12.42 
10.45 
13.75 
2.60 

56 
17312 
1.68 


* For reference, see footnote 219, p. 636. 
** zr from relations 7, = aT*. 


molecules. f Loo! = mean free path at 0°C and -1 mmHg, etc. 


Air 
.79 
1796 
1722 
1845 
4.54 
5.08 
5.09 
6.69 
3.74 
112 
8.24 
6.98 


О; 
8] 
2003 
1918 
2059 
4.81 
6.33 
5.40 
7.10 


3.64 ' 


125 
8.71 
6.26 





А CO: Kr Xe 
.86 95 ‚85 22 
2196 1448 2431 2236 
2097 1577 29/2 2129 
2261 1496 2502 2308 
4.71 2.05 3.69 2.64 
6.20 3.88 4,85 3.47 
Sl 3.34 4.06 2.08 
6.67 4.40 5.34 3.93 
3.67 4.65 4.15 4.9] 
142 254 188 252 
8.54 5.34 6.69 4.78 
5.70 8.61 6.48 Sl 


C — a measure of strength of the attraction forces (in dynes) between 


$ №. = number of molecules/cm? for 


monomolecular layer. $ w = collision frequency (sec-!) at 25°C and 760 mmHg. 
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TABLES 697-/12.—ATOMIC AND MOLECULAR DIMENSIONS 


TABLE 697.—EFFECTIVE ATOMIC RADII 


Goldschmidt, on the basis of reasonable though empirical assumptions, has calculated effective 
radii of atoms in various charged conditions; Pauling, on the basis of wave mechanics, has pre- 
sented theoretical values for most of the elements, the two series agreeing well in many cases. The 
latter values are printed in boldface type; the values considered nontypical are in parentheses ; e.g., 
for silicon we ћауе: 51" (0.22—) 0.39–0.41, 51" (1.12—) 1.18, 51" (1.98); 2.71, signifying silicon, 
carrying 4 + charges, has apparent radius between 0.22 and 0.41; but the lower values relate to 
compounds where the atoms appear to be deformed ; so Goldschmidt gives 0.39 as most significant. 
Wave mechanics yields 0.41. Neutral, the radius ranges from 1.2, in abnormal compounds, to 1.18 
in those typical ; when carrying 4 — charges, the value is 1.98, according to calculations deemed 
faulty, 2.71 according to theory. 

In applying the data to replacements, halides and oxides are usually ionized, and the values in 
the outer columns apply. Thus in fluorite the value for Са” should be added to that for Ба” 
giving between 2.32 and 2.42, or 2.37 as a mean ; and the observed Ca-F distance in the crystal is 
2.36 angstrom units. In the remaining types of compounds the atoms appear to be largely neutral 
and the first column should be used. 





Atomic No; 
element 

Atomic No; 
element 





Ф Ф 
Radius neutral $^ Radius positively Radius neutral 0 Radius positively 
atom 5 charged ion atom ЕЕ charged ion 
angstroms с angstroms angstroms Q angstroms 
1H 42Mo 1.36 6 .02 
2 Не ( .93) Мо 4  ,66(— .83) 
ЗІЛ (1.50—)1.56 1 .60- .78(— .82) 44Ru  1.27-1.34 4 .63- .65 
4 Ве 1.05(—1.15) 2 .31– .34 45 Кћ  1.34-1.35 3 .69 
SB 3 .20 46 Pd 1.37 
6C ( .45—) .77 4 15 47 Ag (1.17—)1.44 ] (.79—)1.13-1.26 
7М ( .65—) .71 5 ‚11 48 Са (1.47—)1.49(—1.60) 2 (.78—) .97-1.03 
8О б .65) 6 .09 49 Іп 1.45-1.62 3 .81- .92 
9F 7 .07 50 Sn (1.27—)1.40 4 (.64-) .71(—.81) 
10 Ке a 51 Sb (1.22—)1.34(—1.44) 5  .62 
11Na (1.77—)1.86 1 .95- .98(—1.09) Sb 3 .90 
12 Mg (1.42—)1.62 2 .65- .78(-- .85) 52Те 1.33-1.43 6 .56 
13A] (1.16—)1.43 3 .50- .57(- .66) Те 4 .81- .89 
14 Si (1.12—)1.18 4 (.22--) .39- .41 5201 1.36-1.40 7 .50 
15Р .93 5 ,84 Г 5 .94 
165 1.02–1.04 6  .29— .34 54 Хе (1.90) 
17 С! 1.05-1.07 TOME 55 Св (2.37--)2.55 1 1.65-1.69(—1.75) 
18 А (1.54) 56 Ва 2.10 2 1.35-1.43(—1.49) 
19K  (2.07—)2.23 1 1.33(—1.84) 57 Га 3 1.15-1.22 
20Ca (1.70—)1.97 2  .99-1.66(—1.50) S8 Ce 1.82-1.83 4 1,01-1.02 
21 Sc 1.51 3 ‚81— .83 е 3 1.18 
22 Т! (1.40—)1.49(—1.53) 4 (58-) .64- .68 59 Pr 4  ,92-1.00 
23 V 1.32(—1.43) 5 .59 Pr 3 1.16 
V 4 .59- .61 60 Ма 15 
24 Ст (1.17—)1.25(—1.54) 6 .52- .65 62 Sm 277113 
25 Mn (1.17—)1.29(—1.59) 7  .46 63 Eu 3 1.13 
Mn 4 .50- .52 64 Са 3 1.11 
Мп де, 91 22 ү : го. 
26 Ее 1.21--21.26(---1.45 3 (.49—) .67 6 у : 
Fe | | | 2 С = | 67 Но 3 1.05 
27 Co 1.26(— 1.39) 3 .29- .47 68 Ег 3 1.04 
Со 25 79-050 69 Tm 3 1.04 
28 Ni 1.24(— 1.39) 3 .35 70 ҮҺ 3 1.00 
С Be ЊЕ“ 73 T 142 1.44 
29 Cu 1.22—)1.27 (—1.37 2  .70 3 Ta .42-1. 
ч | ) 1 (.58--) .96 74 ХУ 1537 6 .88 
30 Zn 1.31-1.3 2  .Tí- .83 W 4 .66- .68 
31 Са | De 33(—1.45) 3 ,62 76 Ов 1.30-1.34 4 .65- .67 
32 Се 1.22 4 .44- .68 77 Ir 1-35 4 ,64 .66 
33 Аз (1.04—)1.16(—1.26) 5 .47 78 Pt 1.38(—1.43) 
As 3 .69 79 Au  1.40-1. 45 1 1,37 
34 5е 1.13-1.17 6 .42 80 Нр 1.46-1.4 2 1.10-1.12 
35 Br 1.19 7 .39 817! (1. И 99(—2.25) 3 .95-1.05 
36 Кг (1.69) TI 1 1.44-1.51 
37 Rb (2.25—)2.36 1 1,48-1.49(--1.88) 82 РЬ 1.74(—1.90) 4 .84 
38Sr 1.95 2 1.13-1.27(—1.45) РЬ 2 (.98--)1.21-1.32 
39 Y 3 .98-1.06 83 Ві (1.34—)1.46(—1.55) 5 .74 
40 Zr 1.60-1.62 4 (.68—) .80- .89 90 Th  1.80-1.82 4 1.02-1.10 
41 Nb 1.43(—1.50) 5 .69- .70 920 4  ,97-1.05 
Nb 4 .67- .69 —NH, 1 1.42-1.59 
сБ РС: с Баи __ С санаан 
: v % М Бай 
= Radius m Radius 2 Radius : adius 
MS negative E negative ES negative Pu negative 
О ion “ іоп О ion О ae Я 
1H  —1 (1.27); 2.08 14 Si —4 (1.98); 2.71 32 Ge —4 2.72 S0 Sn —4 (2.15); 2. 
6C —4 er д БР --3 (2:18 33 Аб --3 2.22 51 Sb --3 2,45 
7N —3 1.71 166 --2 1.74-1,84 345е -—2 1.91-1.98 52 Te —2 2.03-2.21 
80 2 1.32-1.40 17СІ --1 1.81 35 Br —1 1.95-1.96 53 I —] 2.16-2.20 
9 F 1 1.33-1.86 82 Pb —4 2.15 


MM ái € Е — — —————— 
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TABLE 698*.—DIFFUSION COEFFICIENTS OF GASEOUS IONS AT NTP?^' 





Dry gas Moist gas 
Gas D* D- D+ D- 
A ЖӨН ОЛО О И 028 .043 .032 .035 
(Oven o o Шш ТОТ .025 .0396 .0288 .0358 
Саво Шо Е... .023 .026 ‚0245 .0255 
Nittomel icin. ааа .029 .0414 E DER 
Пуешрень: о 2129 .190 .128 .142 





* Tables 698-700 and 702 prepared by J. D. Cobine, General Electric Co., Schenectady, N. Y. 
сае J. D., Gaseous conductors, 2d ed., McGraw-Hill Book Co. Used by permission of the 
publishers. 


TABLE 699.—DIFFUSION COEFFICIENTS OF NEUTRAL GASES AT 0°C 
AND 760 mmHg * 


Gases qt mt Gases ts mt 
АЕ Не... .706 Ет H= CO0 С .651 1.75 
АЕ eee .134 dir Н. = СФ... .534 1245 
Air — О, ИА е «ее „178 ee e Н,— М, КООШО SEE. ‚674 1.75 
О-о... 136 2.00 Н.-- МАО .......... 535 1.75 
СО= О... . .642 Же В .679 1.75 
СО – О, ........... .183 1:25 ELO — Alt ес нај .220 1.25 
COs—Air JE... ‚134 m Hg —Air .......... .112 22 
СО: == Н.О Жа .528 о О О, = Air 2222222 ‚178 1.75 
Не =... 641 1.75 Оз = Ну .722 vue 
НА. .661 1.75 О--СО..... ос. 185 1.75 

О СОЭ и .136 2.00 


* For reference, see footnote 221, above. р 
= Д in cm?/sec. t D —Do(T/To) (po/p), where Do is the value of D in the table, To = 0°C, 
ро = 1 ат. 


TABLE 700.—MOBILITIES OF POSITIVE IONS IN NOBLE GASES AT 
760 mmHg AND 0°C * 


(cm/sec per volt/cm) 





Топ Не Ме А Kr Xe 
(за. AERE en oes 20.1 5.85 1.81 ‚88 .61 
bur ЖІ зы. 24.2 11.87 4.68 72 2.84 
Nau e vs ONERE T ros 22.7 8.16 3.03 2.20 1.69 
о Е соко 21.5 7.51 2.64 1.86 1.35 
ЕРЕК Е стз С 20.1 6.75 2.24 1.49 1.03 
(S cec PETERS or UE 18.4 6.10 2.10 1.33 ‚91 


* For reference, see footnote 221, above. 
t Ions same as gas. 


TABLE 701.—MOLECULAR DIAMETERS, 5, FOR ATTRACTIVE SPHERES * 





Gas From 7 t Егот 5% Gas From 7 f From b 1 
Argon ..... 2.87У10-* ст 2.87 х10-* ст Hydrogen .. 2.38x10?cm 2.53Х10 ст 
Krypton .. 3.15 3.16 Nitrogen .. 3.13 3.56-3.10 
Xenon .... 3.50 3.45 Air <2. 3.11 3.32 
Helium .... 1.91 1.97 Carbon 
Oxygen ... 296 2.91 dioxide .. 3.23 3:22 

- 3.30 3.42 





* For reference, see footnote 220, p. 640. 
t Viscosity. 1 Van der Waal's equation. 
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TABLE 702.—MOBILITY * OF SINGLY-CHARGED GASEOUS IONS AT 
760 mmHg AND 0°C ** 


(cm/sec per volt/cm) 





Gas (ei) t ка Ко 
PRIM оное аа 000585 22 1.6 
ОО (шик МО у. әгә arr re 00056 206.0 1.81 

о ее ЖОП .74 74 
ее... .0030 .31 30 
Оо Le e enn .00070 ].14 1.10 
кы МЫР... 00098 98 84 
и 1................ „00028 8.15 5.9 
ЕЛ 2222 2........ pes 7900.0 13.8 
TEES S se o o nec 0046 62 53 
ПОСА ОЮ ао. ee .95 1.1 
Ph EN IV ee re rn .0040 .56 .62 
HIMEN Ire а.о 000074 6.3 5.09 
Шерге у ................. — 500.0 21.4 
ес... ч? E. 13.4 
ЕНЕ... МА: ге 2.02 
КООШ Lees nen 0007685 ap .94 
IS os ENCORE TET EET .00058 1.84 1.27 
K DOL loo eee rre -— 145.0 251 

TES e ne 0072 .66 .56 
ПОИ КЕЕ а.в. qnd Lo 3.06 
ен. 00113 90 82 
De аа ата er о 0001231 V 5.64 
ӘУЛЕТІ... 00051 1.8 1.31 
SONNEN o a e erre .0095 .41 41 


* K — Kopo/p, where po is the gas density at NTP and p is the density at which K is desired. 
0.235 (ъч Im) 
=. mo Б 
(p/po) (c — 1)oMo 


where m, = mass of ion, m; — mass of gas particle, е = dielectric constant, (c — 1)o is calculated for 
МТР. Мо = molecular weight of gas. Values of mobility in this table may not be absolute, but are of 
orienting value. 

** For reference, see footnote 221, 644. 

t International Critical Tables; Tables Annuelles Internationales de Constants. 


TABLE 703.—MOLECULAR DIAMETER (BRAGG) * 


From From 
crystal measured viscosity Ratio, 
Gas in 2d 7 24/1 
ПИО S escis 1.30 107 ст 2.35 Х 107" ст 553 
О ааа. 2.05 2.87 .714 
П ОПО ашан н 2.35 3.15 .746 
НТ... bass 2.70 3.50 ‚771 


“ For reference, see footnote 220, p. 640. 


TABLE 704.—NUMBER OF MOLECULES (PER cm? AT 0°C) ОҒ MONOLAYER 
AND EQUIVALENT VOLUME (cm?) * 


Vol gas Vol gas 


at 760 mmHg at 760 mmHg 
No molecules and 20°C No molecules and 20°C 
Gas x 10-1 x 105 Gas x 10-4 x 105 
НУ ЛЛ [5:22 6.08 СОЕ Ие 8.07 3.23 
олу о 24.16 9.65 (Ове rom 5.34 218 
АРТ ы; 8.54 3.41 С m c 5-23 2.09 
Truc ees 8.10 3.24 МЕ A 4.56 1.82 
о. 8.71 3.48 НО а 5.27 2.11 


* For reference, see footnote 219, p. 636. 


SMITHSONIAN PHYSICAL TABLES 


646 TABLE 705.—CROSS SECTION AND LENGTHS OF SOME 
ORGANIC MOLECULES 


According to Langmuir, in solids and liquids every atom is chemically combined to 
adjacent atoms. In most inorganic substances the identity of the molecule is generally lost, 
but in organic compounds a more permanent existence of the molecule probably occurs. 
When oil spreads over water evidence points to a layer a molecule thick and that the mole- 
cules are not spheres. Were they spheres and an attraction existed between them and the 
water, they would be dissolved instead of spreading over the surface. The presence of the 
—COOH, —CO or —OH groups generally renders an organic substance soluble in water, 
whereas the hydrocarbon chain decreases the solubility. When an oil is placed on water 
the —COOH groups are attracted to the water and the hydrocarbon chains repelled but 
attracted to each other. The process leads the oil over the surface until all the —COOH 
groups are in contact if possible. Pure hydrocarbon oils will not spread over water. Ben- 
zene will not mix with water. When a limited amount of oil is present the spreading 
ceases when all the water-attracted groups are in contact with water. If weight w of oil 
spreads over water surface A, the area covered by each molecule is 4M/wN where M 
is the molecular weight of the ‘oil (O = 16), N, Avogadro’s constant. The vertical length 
of a molecule / — M/apN = W/pA where p is the oil density and a the horizontal area of 
the molecule. 


Cross section in l in cm 
Substance cm? X 1016 (length) x 108 

Pamiec аса С-НӘСООН.:............... ERE... 24 19.6 
Stearic acid СиНьСООН ........................ 24 21.8 
стое ааа СНСООН... 25 29.0 
Сес аса СНСООН... 48 10.8 
Linoleic acid C:Ha4COOH оооооооооааоооооорооооооооос 47 10.7 
Вес асса С„Н»СООН.................. ss 66 7.6 
Ricinoleic acid С„Нь»(ОН)СООН..................... 90 5.8 
(С оту а!соһо! СН ОН Ж .................. ЖИ... 21 21.9 
Мулкеуі аісоһо!. Сы НЫОЫқ.................... 277... 29 282 
Cetyl= palmitate, Citi GOO Cw. Jae... Secu ss ss cae 21 44.0 
Tristearin (С.аНО:):С3Н; НЛО Та та b A 69 23.7 
Trielaidin (CisH3302)3C3Hs ЖОКГО КЕК eres 137 11.9 
Triolein (CisH3302)3CsHs eo E VETE ecciesie 145 11.2 
Castor oil (Сан ОНОСООЭЗСІН, 0-2... н. 280 52 
Linseed oil (С.аНаСОО):Са3н; И О ЛИШЕ E: 143 11.0 


TABLE 706—VOLUMES OF INERT GAS ATOMS * 


Vo'ume 


from b Volume 
10n'C аана о 
Саѕ radius b volume liquid 
lS don оа ИИИ еа 3:39 17.1 51 16.7 
AIEO асым 8.6 322 3.8 28.1 
КИНОМ a S ЕН. со 125 39.7 32 38.9 
50.8 2.7 47.5 


епа ое ое е. 18.8 


* For reference, see foctnote 203, p. 624. 
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TABLE 707.—LATTICE SPACINGS OF IONIC CRYSTALS * 647 


ғо о Melting To ғо Melting 
| observed calculated point, observed calculated point, 
Material А A "С Material 4 А "С 
Sodium chloride structure 
КЕ ы... 2.01 2.10 870 NAG 222... 3.62 3.65 
КЕРЕ... 2.57 2.60 613 АН... 2.46 2.30 435 
ТІРЕ... 2:75 2/5 547 Ag. e. 2/7 2.80 455 
Lil NS. 3.00 3.00 446 AgBr sase 2.88 2.95 434 
А... 221 2.35 980 МО. 2.10 2.15 2800 
Мас. Z5] 2.85 804 Ме. 2.60 2.60 
МаВе ....... 2.98 3.00 255 MgSe ....... 243 2.70 
ОТАТ a 3.23 3.25 651 О Не 2.40 2.40 2572 
EXON га. 2.67 2.65 880 Са С 2.84 2.85 
в. 3.14 SUIS 776 Сабе ds 2.96 2.95 
Е ВР... 3.29 3.30 730 Са Тет | 2.97 3.15 
ES wis 9153 155 773 Са ин ИН 2.58 2.60 2430 
БББ... 2.82 2.80 760 SI SNNT Se: 3.01 3.05 882 
EDGE cs 2:27 3.30 715 ее. 312 315 
К Вг у; 3.43 3.45 682 SF Cases 333 3.35 
КБИ ушы» 3.66 3.70 642 Вао 57 277 2.75 1923 
Се... 3.00 3.05 684 Ваз... 3.19 3.20 
МІНІ 22222 3:27 3.25 Base 22 3.30 3.30 
Вела, 3.45 3.40 Ва Терни 3.50 3.50 
Cesium chloride structure 
СО. 3.56 3.95 646 МА Вг... 3.51 3.40 
ESBIE а 3.71 3.70 636 DED 3.78 3.65 
CSE n 3.95 3.95 621 ІШЕ, и 3:33 430 
НАС 5212 3.34 3.25 TES o 5 3.44 460 
Zincblende structure 

enclose cm 2.34 2.30 422 Zole 22,2... 2.64 2.65 
CuBr ы 2.46 2.45 504 dS Le. 2.52 2.50 1750 
Е 2.62 2.70 605 Ке. 2.62 2.60 
ПСИ т 2.10 2.10 СаТе 222 2.80 2.80 
Без esse 2.18 2.20 Ее 22222... 2:52 2.50 
зе је... 2.43 2.40 Веи 2.62 2.60 
ПО. 2.55 2:39 1800 Hele eeen 2.79 2.80 
пе 2552... 2.45 2.45 


Wurtzite structure (first distance is that to neighbor along axis, second to three neighbors in 
same layer) 


ШАМ тл 205,276 2.75 LIS EE 229 22300 232 1850 
Веб... 1.64, 1.60 1.65 2570 GaSe... ces 2:92 125.90. 22-90) 1750 
Zu... 1.94,2.04 1.90 (456 loeum 2.63, 2.64 2.60 


* For reference, see footnote 203, p. 624. 
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* For reference, see footnote 203, p. 624. 


Li* 
‚80 
Ма* 
1.05 
K* 
1.35 
Rb* 
1.50 
Cs* 
1.75 
МН 
1.45 


(Angstroms) 


TABLE 708.—IONIC RADII * 


7л 
са“ 


Не” 
‚60 


TABLE 703.—CRYSTAL STRUCTURE AND INTERATOMIC DISTANCES FOR 


METALS (Angstroms) ** 


Abbreviations: b.c. body-centered cubic; f.c., face-centered cubic; hex, hexagonal; di, 


diamond; *, other structures. 


Li b.c. 
3.03 

Be hex 
2.28 
2.24 


B 


Na b.c. 


3.72 


Mg hex 


3.20 
3.19 


Al f.c. 


2.85 


Si di 
2.35 


K b.c. 
4.50 
Са їс. 
3.93 


Sc 


Ti hex 
2.95 
2.90 


V b.c. 
2.63 

Cr b.c. 
2.49 

Mn * 
2.50 

Fe f.c. 
2.57, 2.48 


Co hex, f.c. 
2./1 


Ni f.c. 
2.49 
Cu f.c. 
2.55 
2п ћех 
2.65 
2.94 
Са * 
2.56 
Ge di 
2.43 
As * 
2.50 
Se * 
2:32 


** For reference, see footnote 203, p. 624. 
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Rb b.c. 
4.86 

Sr f.c. 
4.29 


Y 

3.58 

Zr hex 
3:23 
3.18 
Nb 


Mo b.c. 
2.72 


Ru hex 
2.69 
2.65 


Rh f.c. 
2.69 
Pd f.c. 
2.74 


Ag f.c. 
2.88 


Cd hex 
2.97 
3.30 

In * 
3.24, 3.33 
Sn di 
2.80 
Sb * 
2.88 
Te * 
2.88 


Cs b.c. 
5.25 
Ba b.c. 
4.35 


La hex, f.c. 
342,949 


НЕ ћех 
222 
3.33 
Ta b.c. 
2.88 


W b.c. 
273 


Оз һех 
2.71 
2.67 


Ir ic. 
2.70 
PTG 
2.76 
Au f.c. 
2.87 
Hg * 
2.99 


Ti hex, f.c. 
3.45, 3.43 
Pore 
3.49 

Bi 

3.10 
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650 TABLE 711.—GREATEST BINDING ENERGY OF AN ELECTRON— 
SINGLY-IONIZED ATOMS * t 


Element 
He im 
Га и 
Ве п 
Ви 
Сп 
Мп 
Оп 
Еп 
Меп 
Ма п 
Ме 1 
Al 
біп 
Р п 
SEU 
Cil ir 
Ап 
Кп 
Gantt 
Sc Ir 
Ti I 
Vu 


* See column 6, Table 623. 
T For reference, see footnote 222, p. 649. 


is 25 
54.40 13.60 
75162 1661 

18.21 
25.15 


2p 
13.60 
14.35 
14.25 
20.52 
24.38 
29.61 
35.15 
34.98 
41.07 
47.29 


3s 
6.04 
6.86 
7 27 
9.06 
9.93 
11.15 
12.19 
13.08 
13.91 
14.45 
15.03 
18.82 


3p 
6.04 
6.27 
6.25 
7.30 
8.05 
9.20 
9.87 
9.86 
10.55 
10.95 
10.61 
14.19 
16.34 
19.65 

23.4 
23.80 
27.62 
31.81 


& 


соол н Co 4 C9 
= = 00 МІ МӘ SI GW 


— 
ою 
—ч 
О Сл 


1122 
11.55 
10.18 
12.20 
13.46 
14.65 
16.49 
13.86 
15.95 
17.05 
18.15 
20.29 


4s 


3.40 
2-73 
3.89 
4,53 
4.89 
5.24 
5.57 
5.81 
6.12 
6.20 
6.38 
7.51 
8.22 
8.92 
9.82 
10.43 
10.98 
11.67 
11.87 
12.80 
13.57 
14.33 
15.01 
15.64 
16.18 
16.64 
17.11 
17284 
17.96 
20.51 


4p 
3.40 
3.49 
3.49 
3.89 
4.23 
4.55 
4.68 
4.40 


SO SO 0 OD NINISN Qn 
Cn “У а Б Оо Оо ОО КО М Ф 
холо О Фел х 00 СА Б 


44 


3.40 
3.40 
3.40 
8.54 
3.54 
3.62 
3.60 
3.49 


ол ол eon en en on сл © 
WO M MI ON Gn - OO = OO CN 
— OO ON N U NN Сл С) 


о OUND 
МО СА м МО но Ф 
= NO 


5 
5 


9,22 


ЕП 10 
E 


5s 5p 
2.18 2.18 
2.94 2.22 
242 2722 
2 79 
2.65 


2.89 
3.05 
2.80 


3.20 


2.95 
3.24 
3.47 
3.06 
4.05 


4.36 


4.99? 


Мелс М бос а О S162 Флем 
сл 
Co 
сл 


CD Ui OC JJ Coo.» SINON WORKS HWSO 


љо мо 


[m 
)QOOMMOOOOOO utntt Uus d.d de Co C Co 


OV B O9 OR SECO T ROO OD 


10.58 
10.97 
11.03 
12:29 9; 
14.03 10.56 


ч 
© 
10 90 00 1M MDO D tn ta On 


= С C9 


TABLE 712.—CONSTANTS OF DIATOMIC MOLECULES * 


The attractive force between atoms varies with the distance between centers. 
this distance = re, the sum of the two radii, the force changes from an attraction to a 
repulsion. The force, D, at this distance, re, is thus the force necessary to pull the two 
atoms apart. The energy of separation is generally given. 


Substance 


s.e to 


D 
kgcal 
mole 


D 


7 
electron 


volts 
4.454 
3.5 
42 

0 


WOW bh + 
сло 


Те 


4 


55 
1.12 
1.08 

96 
1527 
1.15 
1.20 
1.09 


Substance 





* For reference, see footnote 203, p. 624. 
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еео з 


ео ао o 


р 
kgcal 
mole 


ео е 


eee 


223 


D 
electron 
volts 


9.6 
5.6 
2.47 
1.96 
1.53 
1.14 
‚76 
Si 


5а 
2.18 
2.18 
2.18 
2.20 
2.25 
2.25 
2.27 


221 
2.36 
2.41 
2.41 


278 
2.28 


2.85 


3.25 


C1 Ci C2 C3 
Кон ДА 0 


QOO — BAN Ww Ww 
“ы мс м С 


| 


When 


Сә С КО КӘ ГӘ кака кә 
OO O0 a? 
= ~, ~ СА О 00 мн са) 


TABLES 713-730.—NUCLEAR PHYSICS 651 


Nuclear physics may be divided into three fields: radioactivity, cosmic rays, 
and artificial disintegration. The third division—artificial disintegration—is 
today the most active single experimental (and theoretical) problem of the 
physicist. This new branch of physics has introduced a number of terms, 
some of which are defined in Table 716. There is hardly a major physical 
laboratory that does not have at least one of the devices listed in Table 718 for 
producing high-energy particles of one kind or another. 

The study of nuclear physics started more than 50 years ago with the dis- 
covery of radioactivity. This was a study of natural disintegration up to about 
1919 when Rutherford produced and studied artificial disintegration by bom- 
barding nitrogen with swift a-particles from RaC’. However, he had to depend 
upon nature for the high-speed particles that he used. The value of the speed 
and energy of the a-rays from natural radioactive materials (Table 732) 
shows the nature of the particles then available. It was not until about 10 
years later that a start was made on the development of the various devices 
for producing the regulated high-speed and high-energy particles listed in 
Table 718. 

By bombarding different materials with one of the high-speed particles 
produced by various devices it has been found possible to produce one or more 
radioactive isotopes of each of the 92 elements and, in addition, to produce 6 
elements beyond uranium—each with a number of isotopes.* There are now 
9 or 10 known fundamental particles (Table 720), 5 or 6 of which are used 
in the bombardment of isotopes for the production of new reactions. Some 
examples of reactions thus brought about by the use of different ones of these 
high-speed particles together with the minimum energy of the particles neces- 
sary to produce the reactions are given in Table 726. 

The relative masses of the isotopes vary from 1.0081374 for H' to about 
242.14152 for Cm?*?. The actual mass in grams for H! is 1.67339 x 10^? 
grams, and thus the mass, in grams, of any atom may be determined from its 
atomic weight. The mass of the neutron is 1.67473 x 10-** g. The radius of 
a nucleus, 7, is given approximately by 1.4 х 10-3 41/3 cm, A being the atomic 
mass number. These values give for the density of the nucleus about 10" 
g/cm? (see Table 8/2). The atomic weight, the magnetic moment, and the 
spin of a number of isotopes are given in Table 719. 


* For reference, see footnote 199, p. 618. 


TABLE 713.—MASS, ENERGY, AND VELOCITY RELATIONS FOR 
THE ELECTRON 


Electron mass * 


Energy Velocity 
ev g то В cm/sec 
very small 9.1066 10-7” 
018 9.42 107= 1.035 225 Ao X107 
.05 10.00 10777 1.10 42 1.26 “10% 
1 10.90 х 1078 1.20 .548 1.65 X10” 
5 18.02 10-* 1.98 .863 2.585 10" 
1 26.93 10-2 2.96 94 2.818 10" 
5 98.24X 10-7” 10.8 .996 2.985<10% 
7 133.89х 10-2 14.7 .9976 2.990 Х 10" 
10 187.38 10-2 20.6 .9988 2.99410" - | 
20 365.64 10-” 40.1 „9992 near the velocity of light 
100 1791.8 X10” 196.6 .9998 near the velocity of light 
1000 17839 10-2 1960 .999999 n “ Е | A 
10000 178160 10-* 19580 ‚9999999 


* See Tables 27, 28, and 714. 
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The neutrons and protons are held together in a nucleus by attractive forces 
(nuclear force) which have a range of only about 2 x 1073 cm but are 
stronger than the electric Coulomb forces at distances less than this range. 
The energy which would be required to separate a nucleus into its constituent 
protons and neutrons (collectively denoted by nucleons) is called the nuclear 
binding energy. According to Einstein’s mass-energy relation this binding 
energy is equal to c? times the difference between the nuclear mass and the 
mass in the free state of the nucleons contained in the nucleus. The binding 
energy per nucleon is of the order of magnitude of a few Mev, its actual 
amount depending on various factors. Starting at about 1 Mev for the deu- 
teron (nucleus of heavy hydrogen) the binding energy per nucleon increases 
on the average with increasing atomic weight A reaching a maximum of about 
10 Mev for A about 50; as A increases further the Coulomb repulsion between 
the constituent protons becomes more and more important and the binding 
energy per particle decreases again. In addition to this general trend there are 
individual variations in stability, a notable example being the great stability 
of the a-particle (nucleus of He*) with a binding energy of more than 7 Mev 
per nucleon. 

The theory of relativity shows that energy and mass are related and that 
mass may be converted into energy, giving an amount of energy in ergs = mc?, 
where c is the velocity of light expressed in cm/sec and m the mass in grams. 
This theory also shows that the velocity of light is the upper limit for the 
velocity for any particle. It is to be noted that this theory tells us nothing as 
to the method of converting mass to energy! 

The mass m of a fast-moving particle depends upon its velocity v, thus, m 
(at velocity v) = = where 8 = v/c. The kinetic energy of a particle 


moving with a velocity near that of light 
! 1 
КЕ - тос? (== - ) 


т = т + 





Or 





c? 


Some calculated results of the above relations are shown in Table 713. This 
theory, together with nuclear physics, shows that each moving particle has a 
wavelength that is given thus: the wavelength, A = h/mv for a particle of 
mass m with a velocity v. (See Table 722.) 


TABLE 715.—TWO INTERESTING RESULTS OF ARTIFICIAL 
DISINTEGRATION * 





Different results Different ways of 

from the same material producing the same materials 
зА]? + Не — зр» ~ on Mg” + Не“ — „АР +H? 
«АТУ + Не Su + Н «АТ? + Н un Al -- Н 
ЗАТ” + Н—аМе е + „Не wAl + on —uAl t hv р 
BAIT + Нә „АР + Н uSi” -- on — «АГ +.Н у 
B n iH => E py 15Р + on — Al + „Не 
13 o — 13 y 
ЗА! + on! => „Мр“ + Н 


зА + on. = па Ма“ -F Не“ 





* For reference, see footnote 224, P. 665. 
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TABLE 716.—DEFINITIONS OF SOME TERMS USED IN NUCLEAR PHYSICS 


Alpha-particle.—4A helium atom, stripped of its outer electrons, that is expelled from 
a radioactive material. 

Artificial disintegration.—Breaking down of an atom by a controlled experiment. 

Atom.—The smallest particle of any material substance that can exist as such. 

Atomic bomb.—A bomb depending upon atomic energy. (U or Pu fission.) 

Atomic energy.—Energy due to some breaking down of an atom. 

Atomic mass unit, amu.—(1) The mass of a unit atomic weight (see Dalton). (2) An 
energy unit equal to the mass energy (c) of a unit atomic mass (1/16 mass 0'") = 
1.4921 x. 10"* ergs = 931.3 Mev. 

Atomic number.—The value of the positive charge of the atom. This determines the 
chemical properties. 

Atomic weight.—Chemical: The relative weight of an atom taking the oxygen atom, 
found in nature, as having a weight of 16. Physical: The relative weight of an atom taking 
the oxygen isotope 16 as having a weight of 16. This makes the ratio of physical to chemi- 
cal scale = 1.000272 + .000005. 

Barn.—Unit area cross section of nucleus — 10^* ст“. 

Baryton.—See Table 720. See meson. 

Beta-ray.—An electron expelled from a radioactive material. 

Betatron.—See Table 718. 

Binding energy.—The energy due to the packing of an element assuming that the ele- 
ment is made up of protons, electrons, and neutrons. 

Bursts (cosmic ray).—A very great output of particles due to a cosmic-ray encounter 
with an atom. 

Cathode rays.—Electrons that are driven from the negative electrode (the cathode) of 
a discharge tube. (See Table 758.) 

Chain reaction.—A reaction in which one or more of the products of the reaction 
keeps it going, i.e., such as the fission of 92 U”. 

Compton effect.—The change in wavelength due to the scattering of radiation by a 
material substance. 

Cosmic rays.—A radiation that falls upon the outer atmosphere, generally thought to 
come from outer space. (See page 710.) 

Cosmos.—The entire universe. 

Cross section, o.—The proportionality constant between the beam intensity and the 
number of particles, considered, that strike a target. It has the dimension of an area. See 
Barn. 

Cyclotron.—See Table 718. 

De Broglie wavelength.—For a particle of mass m and velocity v, the De Broglie 
wavelength A = A/mv. 

Delta-rays.—Electrons that are emitted from certain materials due to a-ray bombard- 
ment. 

Deuterium.—See deuteron. 

Deuteron.—This isotope of hydrogen that has twice the atomic weight of the proton. 

Electron +.—The smallest particle of electricity that can exist. 

Positron, + electron. (Charge + 4.8025 X; 107? esu.) 
Negatron, — electron. (Charge — 4.8025 x 107? esu.) 

Electron shell.—The shell that is used to describe the location of the outer electrons 
of an atom. These are K,L, M, N,O. (See Table 658.) 

Energy units.—See Table 654, Erg: 

ev— The energy equal to that of an electron moving under an emf of 1 volt — 1.602 X 
10" ergs. 

Mev— The energy equal to that of an electron moving under an emf of 10° volts. 

amu—The mass-energy of a unit mass of atomic weight = 1.492 & 10“ ergs. 

Mass unit—Energy value of one gram = 8.987 X 10” ergs. 

Fission.—The breaking down of a heavy atom into two parts of about equal mass. 
(See page 706.) 

Gamma-rays.—Radiation of very short wavelength that results from some radioactive 
breakdown. (See Tables 747-752. ) 

H-rays.—Hydrogen atoms that are emitted from certain materials due to a-ray bom- 
bardment. 

h.—Planck constant. See quantum. 

H or i = h/2r. 

Isobar.—One of two or more nuclei that have the same weight but different atomic 
numbers. 


(continued) 
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TABLE 716.—DEFINITIONS OF SOME TERMS USED IN NUCLEAR PHYSICS 
(concluded) 


Isomer.—As applied to an isotope, it is one of two or more that have the same atomic 
number and weight but different radioactive properties. 

Isotope.—One of two or more atomic nuclei that differ in weight but have the same 
atomic number, thus the same chemical characteristics. 


ae = 5.05 & 10°* erg/oersted where M = 
4nMc 





Magnetic moment.—Nuclear unit of = 


mass of proton. 
Magneton (Bohr).—The magnetic moment of the electron = = =9 22 54 Оле 





erg/oersted. 
Mass-energy ratio.—The relativistic relation between mass and energy, i.e, E — mc. 
Mass, rest.—The mass of a particle M, when at rest. See Table 714. 
Mass-velocity ratio.—The variation of mass with velocity. v — velocity, then 


И осту ор ЕВ Иа, 
1—- 


Meson (Mesotron).—See Table 720. 

mg velocity.—The highest velocity for any material substance, i.e., the velocity 
of light. 

Mev.—A unit of energy; an electron moving under an emf of 10° v. (1.603 X 10° ergs). 
See energy units (Table 654). 

Molecule.—An aggregate of two or more atoms of a substance that exists as a unit. 

Momentum, angular of nucleus, measured in units i= h = h/2r. 

Negatron.—See negative electron. (Sometimes spelled negaton.) 

Neutrino.—See Table 720. 

Neutron.—A neutral particle with a mass about the same as the proton. See Table 720. 

Nucleon.—General name for protons and neutrons. 

Nucleus.—The central part of an atom, i.e., what is left of an atom after all the outer 
electrons are stripped off. 

Mı— A 


Packing fraction.—Related to the mass lost when the atom was formed == 





where M is the atomic weight of the atom and 4 the atomic number. 

Photon.—The quantum of radiation = ћу. 

Proton.—The nucleus of the smallest unit mass, the smallest isotope of the hydrogen 
atom. 

Positron.—See electron. (Sometimes written positon.) 

Quantum = hr, a so-called atom of energy. h = Planck constant. See photon. 

Radioactivity.—Natural breakdown of atoms. (See page 672.) 

Range of a particle.—The distance it can move through different media. 

Rest mass.—The mass of any particle at rest. 

Shower.—(Cosmic rays.) See Bursts. Showers may extend a very great distance, i.e., 
several hundred meters, and have about 10” ev energy. 

Spin.—Unit of nuclear spin — й = } = h/2r. 

Synchrotron.—See Table 718. 

Tritium.—See Triton. 

Triton.—The isotpe of hydrogen that has three times the atomic weight of the proton. 

Ultimate particle.—See Table 720. 

Valence electrons.—The electrons of an atom, in the outer shell that determines its 
chemical valency. 

Van de Graaff generator.—See Table 718. 

Volt-electron, ve.—4A unit of energy equal to that of an electron moving under an 
emf of 1 volt — 1.602 X 10^" ergs. 

X-rays.—A radiation of very short wavelengths that results when an electron is stopped 
(or started) very quickly, as when striking a metal target. (See page 692.) 
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35 
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* For reference, see footnote 199, p. 618. 
t Numbers following symbol indicate names of isotopes of that element. 
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Element 
Hydrogen 
Helium 
Lithium 
Beryllium 
Boron 
Carbon 
Nitrogen 
Oxygen 


Fluorine 
Neon 


Sodium 
Magnesium 


Aluminum 
Silicon 


Phosphorus 
Sulfur 


Chlorine 
Argon 


Potassium 
Calcium 


Scandium 
Titanium 


Vanadium 
Chromium 


Manganese 
Iron 


Cobalt 
Nickel 


Copper 
Zinc 


Gallium 
Germanium 


Arsenic 
Selenium 


Bromine 
Krypton 


Rubidium 
Strontium 


Yttrium 
Zirconium 


Niobium 
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Isotopes 
(total 
number) 
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10 


10 
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14 


9 
16 


14 
22 


16 
14 
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12 
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Naturally 
radioactive 
isotopes 
(number) 
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(continued) 


Artificially 

radioactive 
Isotopes 

(number) 


1 


сә 4 м + м М ~ Оз C3 C239 Go = С а а 


© бо 00 сл оо A Un wr AM ++ СА Mn 
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= 
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м һа 
DR 
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“SIS 


14 


Relative abundance of 
natural isotopes 
Н: == 99.9844: .0156 
Не”: Не* = 1.3Ж10—: 99.9999 
ГІ ЕТ -- 7300261 
Be? — 100.00 
Вв Bn = 18.83: 81.17 
СОК 980 1 
N'*:N? — 99,62: .38 
Que QUU OM -—.99757:5 039€ 
.204 
Е = 100.00 
Ne": Ne"uuNe* 725 90.5128 
9.21 
Na? — 100.00 
Ме: Мр". Ме =" 7800: 
10.11: 11.29 
A = 100. 00 
SIS S: Sit = 92-25 e 


.00 
57: 5 МБ Оспе Dis 
418: .016 
Scd 
Аз: А. ДУ = 307: (060: 
99.633 
К К: К" = 933» ШШЕ ОУ 
Са: Са“: Са а. 


Ca" = 96.96: .64: .15: 206: 
0033: 19 
Sc'* = 100.00 


Ti": Ti": г: ТАЕ 
7.95: 7.75: 73.45: 5.51: 5.34 

к= 100. 00 

Cr". Cn Сге Cr E. 
83.78: 9.43: 2.30 

Mn® = 100.00 

Ге”: Без: Бе Fe? =] S21: 
91.64: 2.21: .34 

Co® = 100.00 

Ni Ма Nee Nios eee 
67 76:26.16: 125. 366 116 

Cu®: Cu™ = 69.09: 30.91 

Zn": Zn ND on Zn == 
48.89 : 27.81: 4.07 : 18.61: .620 

Сабат = 60,2: 39.8 

бе": Ge": Сез. бе“: бе“ = 
20552737 761. 36.74: 7.67 

Аз" = 100.00 

Se^: Iu - L Н 50 .52 — 87: 902: 
7,58: 23.52: 49.82: 9,19 


11.50: 11.48: 5702: 17.43. 

Rb5: ЕБ” — 72.8: 27.2 

Sr: 9.5009 56: 980002 
82.56 

М = 10006 

Zr*€:". о lees: 
17.11: 17.40: 2.80 

Nb” = 100.00 
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Atomic 

number 
Z Element 
42 Molybdenum 
43 Technetium 
44 Ruthenium 
45 Rhodium 
46 Palladium 
47 Silver 
48 Cadmium 
49 Indium 
50 Tin 
51 Antimony 
52 Tellurium 
53 Iodine 
54 Xenon 
55 Cesium 
56 Barium 
57 Lanthanum 
58 Cerium 
59 Praseodymium 
60 Neodymium 
61 Promethium 
62 Samarium 
63 Europium 
64 Gadolinium 


65 Terbium 


66 Dysprosium 
67 Holmium 
68 Erbium 


69 Thulium 
70 Ytterbium 


71 Lutetium 
72 Hafnium 
73 Tantalum 
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number) 
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12 


11 
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13 
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Relative abundance of 
natural isotopes 
Mo? 9 .95.96.07.08.10 — 1596: 


9:12: 15.7 :9003:0945 : 9259/96 
9.62 
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Ви“: „98 ane „100 101 Vm eave 


5.68: 

222. 1281: 1270: 1608: 
31.34: 18.27 

Rh” = 100.00 

Ра: a a о 2109 M — 8 : 9.3 : 
22.6: 27.2 26.8: 13.5 

АЕ”: Ас == 51.35: 48.65 

Сї. 108. pr пш 112, 118, 114. 116 __ 
1215: 75 ОО [7 75: 
24.07: 12.26: 28.86: 7.58 

Іп! 9. In’ = 4.23: 95.77 

Sn??: .114, 15. шо с: 118 „119 ‚120 der 124 
= 00: .61: .35: 1407: 7.54: 
23. 98: 8.62: 33.03: 478: 6.11 

Sb: Shia 5/725: 425 

жеу». 122 . 123. 124. 15. 126. Tine 190 .— 
091: 249: .89: 463: 701: 
18.72: 31.72: 34.46 

г= = 100.00 

Ке: .126 .128 ,129 , wine e131 „222 2198 „138 — 
094: 1088: 1.90: 26. 03-4 07: 
21.17: 26.96: 10.54: 8.95 

Cs™ = 100.00 ` 


Ва”: .182 „184 „185 .136 ,187 -138 — 1 


097: 2.42: 6.59: 7.81: 11.32: 
71.66 
La: La” = 089: 99.911 


(шоке: 193: 250: 
88.48: 11.07 
Pr — 


Neo 148, 144 .145 ‚146 due .150 — 27.13 . 


12.20: 23.87: 8.30: 17.18: $72; 
5.60 


9 € e * * à € € o» €* о е «с е ө 9 * ө ө с с с ө е ө э • е э «е 


144 .147 148 „140 ‚150 ‚152,154 
Somit. T.Ms. Hae 


3.1 

1507: 1127: 13.4: 747: 
26.63: 22.53 

Eu: Eu! — 47.77; 52.23 

Ga": .154 1155 „156 157 :150 .180 — .20: 
215: 1478: 20.50: 1571: 
2478: 21.79 

Tb'* — 100.00 

Dy ‚158 s 2101 162 SES Q9 — 0524: 
10902: 2.294: 18.88: 25.53: 
24.97: 28.18 

Ho" = 100.00 

Ер. „164 ‚166 ‚167 ‚168 110 = 1l: 1.5: 
329: 244: 269: 142 

Tm'* — 100.00 

vb .170 . 171 112 .113 a 2176 же 06: 
421: 1426: 2149: 1702: 
20,58: 13.38 

Lu: Lu — 97.5: 2.5 

Нели 2128 119.180 — 18: 5.30: 
18.47: 27.10: 13.84: 35.11 

Та" = 100.00 
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Naturally Artificially 
Atomic Isctopes radioactive radioactive 
number (total isotopes isotopes Relative abundance of 
Z Element number) (number) (number) natural isotopes 
74 Tungsten 10 5 г: 
i 14.24: 30.68 : 29.17 
75 Rhenium 11 Re” 9 Re'5:Re!*' — 37.07 : 62.93 
76 Osmium 10 3 Os E eomm 227018: 
та 1.64: 13.3: 16.1: 26.4: 
1. 
77 Iridium 6 4 Imre —: 395-6015 
78 Platinum 11 6 РОИ ИЕ 0780032167 
79 Gold 13 12 NA 100 о 
О к == | 
80 Мегсигу 13 6 Пр oO ee уау 
A 170: 125 32810 2425 
81 Thallium 15 ШО АСУ Mug TI: TI? = 29.1: 70.9 
Te КАС”) 
a 
82 Lead 14 Pb (Rab) 6 РЬ? ee ees 22 
Pb (AcB) 52:9 
Pb? ( RaB) 
a 
83 Bismuth 13 Bi" (RaE) 8 Bi — 100.00 
Bi" (AcC) 
Bi ( ThC) 
Bi (RaC) 


TABLE 718.—DEVICES FOR PRODUCING HIGH-ENERGY PARTICLES * tt 


Impulse generator. 

Transformer rectifier—Max about 2 Mev. 

Electrostatic generator, belt type.—Originated by R. J. Vande Graaff at M.I.T. 
Developed for use in nuclear physics at M.I.T. by Van de Graaff and at Carnegie Institu- 
tion in Washington by M. A. Tuve. About 1-3 Mev. Performance improved at Wisconsin, 
by enclosing equipment in pressure chamber (with freon added to air), up to 4-5 Mev 
(under pressure) 100 1b/in.? This device can accelerate any kind of charged particle. 
Under construction (M.I.T., Los Alamos) 12 Mev. 

Cyclotron.—Originated at Berkeley by E. O. Lawrence. For accelerating any heavy 
charged particles (not electrons). 44 Mev alpha-particles, 22 Mev deuterons, 9.5 Mev 
protons. 

Betatron.—Originated at Illinois by D. W. Kerst. For accelerating electrons. 300 Mev, 
Illinois; 100 Mev, General Electric Co. 

Synchro-cyclotron.—Developed at Berkeley. 390 Mev alpha-particles, 400 Mev pro- 
tons, 195 Mev deuterons. 

Synchrotron (electron).—Berkeley, 335 Mev electrons; General Electric Co., Cor- 
nell, Michigan, Perdue, Berkeley, about 300 Mev; Harvard, 125 Mev. 

Linear accelerator.—Berkeley, 32 Mev protons; Stanford, 5.7 Mev electrons (under 
construction, 1000 Mev) ; M.I.T., 20-30 Mev electrons. 

Proton synchrotron.—Berkeley, 3-6 Mev (under construction) ; Brookhaven, 3 Mev 
(under construction). 

Some of the smaller cyclotrons at various laboratories have been converted to F. M. 
cyclotrons. There are now in use, or under construction in this country, over 100 devices 
for producing particles of over 1 Mev energy. 


* This list was prepared by R. G. Herb, University of Wisconsin, and W. W. Brobeck, University 
of California, See Brookhaven National Laboratory Publication BNL-L-101, Particle accelerators, 1948. 
+t High-speed neutrons cannot, of course, be produced directly by any of these devices. Neutrons are 
produced by bombarding certain materials with one of the high-speed particles produced by these devices. 
If beryllium, boron, or lithium are bombarded by a-particles neutrons are produced thus: 
«Ве + 2 Неч—>»-, СТ + on} 
БВ + 2 Не. Мм +on! 
1H? + hr> H? + on? 


t Machines up to about 6 Mev now produced commercially. 
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ТАВІ-Е 719.--АТОМІС WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 22 


Part 1.—The neutron to fluorine 2 





Element Isotope 


2 

0 п 
1 Н 
2 Не 


3 Li 


XQ O 00-100 10 4 со со № e — 


8 О 16 


9 Е 19 


Atomic 
mass 


1.008977 
1.0081374 
2.014719 
3.016971 
3.016951 
4.003910 
6.017043 
7.018242 
8.025031 
7.019169 
8.007916 
9.015098 
10.016774 
9.016246 
10.016173 
12.003900 
13.007554 
14.007733 
13.009941 
14.007565 


° э е э э е 


19.004486 


Spin 7 

1/2 

172 
1 

172 

172 ( 
0 


1 
3/2 


3/2 


1 
1/2 
0 
(1/2) 


(0) 
1/2 


Magnetic 
moment 727 


—1.91280 2-9 
+2.79254 +0 
+ .8573929 
+2.978624+28 


--)2.127414:-3 


+ .82189 
+3.25586 


+4 
= 11 


eereee 


+1.8004 +7 
+2.68858 


горео ё 


+ .40365 
— .28299 


4-2.6285 +7 


Quadrupole 
moment ** 
(10-24 cm?) 9 


* э э э + е 


|<9510-*| 
+ (.02) =2 


товоо е в 


223 References and other footnotes at end of table, p. 663. Superior letters (9, ^, etc) refer to authorities cited 


in footnote. 





2 Element 
10 Ne 18 


19 
20 
Ді 
11 Ха 21 


12 Mg 22 


13 А1 25 


14 51 27 
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Isotope 


Part 2.—Fluorine to thallium ? 


Atomic 


mass Spin ? 
(18.0114) 
19.00781 X 
19.99877 (0) 
20.99963 2/4 
(>3/2?) 
21.99844 (0) 
23.0013 ҮДЕ 
21.0035 a 
21.9999 3 
22.99618 3/2 
24.9975 A 
24.9967 whe 
22.0062 МЕН 
23.0002 nm 
23.9925 (0) 
24.9938 (8/23 
25.9898 (0) 
26.9928 "m 
24.9981 7 
25.9929 ue 
26.9899 5/2 
27.9903 xn 
28.9893 
(29.9954) 
26.9949 E 
27.9866 (0) 
28.9866 1/2 
(continued) 


Magnetic 
moment 7 


ese ee 


+1.74582 
+2.21711425 


Форе в 


ооо е е 
вео е е 
e.e.. o 
ове в 
о ооо 


Quadrupole 
moment f ? 


DN 
+ 15643 
A 
~0 
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TABLE 719.—ATOMIC WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 


2 


15 


16 


17 


18 


19 


20 


21 
22 


23 
24 


25 
26 


DA 
28 


20 
30 


Element 


СІ 


Sc 
Ti 


Mn 
Fe 


Co 
Ni 


Cu 


Isotope 


30 
3l 
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(continued) 


Atomic 
mass 


29.9832 
30.9862 
(31.9849) 
28.9919 
29.9873 
30.9843 
31.9827 
32.9826 
33.9826 
30.9899 
31.98089 
32.9800 
33.97710 
34.9788 
33978 
36.982 
32.9860 
33.9801 
34.97867 
35.9788 
36.97750 
37.981 
(38.9794) 
34.9850 
35.98780 
36.9777 
38.974 
(38.9755) 
39.9756 
40.9770 
(36.9830) 
37.9795 
38.9747 
39.9760 
40.974 
39.97530 
41.9711 
42.9723 
44.9669 
45.9661 
46.9647 
47.9631 
48.9646 
49.9621 
50.5887 
50.9577 
50.958 
51.956 
52.956 
54.957 
53.957 
55.9568 
56.957 
58.94 
57.9594 
59.9495 
60.9537 
61.9493 
63.9471 
62.957 
64.955 
63.955 


Spin 7 


(0) 


1/2 


(0) 
3/2 
4 


3/2 
(0) 


7/2 


7/2 
5/2 
7/2 
3/2 


312 
(0) 


(continued) 


Magnetic 
moment 2 
оа 5 ome 


Фоо о о 


че... 
Фоо о» 
Фоо о o 
“еее 


Фоо о о 


ооо о о 
4... 


фо оо о 


Фо во ° 


ооо о о 
Фоо е о 


ооо о о 
ооо ое 


ооо о о 


ооо о о 


. өзе» 
...... 


e.e.. o 


e. oo o 
ө ө ө ө 
• . •- • 
ооо оге 
Фоо о 6 


..... 
ооо о 


Фо оо о 


соо в c 


* о е ө о 


Фоо о о 


+2.22617 +36 
-Һ2.3845:-4 
—0 


Quadrupole 
moment f ? 


—0 


— 08 
|<2х10-%| 
- 206 

< 01 

— 7952-5 


— .01722-4 
— .0621+5 


— 2610 


— .14+10 
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TABLE 719.—ATOMIC WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 


2 


31 
32 


33 
34 


35 
36 


43 
44 


45 
46 


47 


49 
50 


Element 


As 
Se 


Br 
Kr 


Rb 
Sr 


Zr 
Nb 
Mo 


с 
Ки 


Кћ 
Ра 


Ag 
Cd 


In 
Sn 


Isotope 
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Atomic 
mass 
65.954 
66.954 
67.955 
69.954 


во ове 
во оо е 
esse ә =» 
в ө ә е 


se eee 
eee se 
* эе ө 89 = 
во оа o 
* е ө эе o 
э» е ө е е 
° ө ө э э 
“еее 
ese eee 
рор о 9 
ъ= е э э э 
очное 
.. өте 
о пово 
ооо в о 
es eee 
..... 
e. е е э э 
° ө э э o 
* э ө ө ө 


оов о о 
о о э э э 
ооо в 9 
ese see 
een eo 2 
ee eee 
eoeese 


114.940 


(continued) 


Spin 9 
(0) 
5/2 
(0) 
3/2 
3/2 


0 
(0) 
3/2 
9/2 
(0) 
о? 
(0) 
(0) 
5/2 
3/2 
(0) 
9/2 
(0) 
1/2 
5/2 
92 
(0) 
(0) 
(5/2) 

(0) 
(5/2) 

(0) 


>(1/2?) 


(continued) 


Magnetic 
moment 7 


—0 
+ .9 
—0 


42.0167 =11 
+2.5614+10 


оо ов е 
о ооо o 
о боб 


~0 
4-2.10576:-37 
4-2.26963-5 
~0 

— ,9704 

~0 

~0 
4-1.3532:-4 
4-2.7501 +5 


ere ee 


see ee 
..... 
врә о о о 
> ө э ө э 
e.e. e 
оов е в 
о ооо 6 
<0 
..... 
роо о 6 
э ө о 5» €* 
.”еее» 
Фоо о в 


— .59492+8 
—0 
— .62238+8 
—0 


—0 
+5.486+3 
+5.500+3 
— .9177=2 


Quadrupole 
moment T 7? 


+ .2318—23 
+ 1461415 
= 


e 3 
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TABLE 719.—ATOMIC WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 


2 Element Isotope 


116 
117 
118 
119 
120 
122 
124 
51 Sb 12] 
129 
52 Те 123 
125 
126 
128 
130 
53 I 127 
129 
54 Xe 129 
131 
132 
134 
136 
55 Cs 133 
135 
137 
56 Ba 134 
135 
136 
137 
138 
57 Га 139 


59 Pr 141 


65 Tb 159 


67 Ho 165 
68 Er 


70 Yb 171 
71 Lu 175 


176 ł 
72 Ht 177 


73 Та 181 
74 үү 182 
183 
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Atomic 
mass 


115.939 
116.937 
117.937 
118.938 
119.937 
121.945 
123.944 


. е... 
° ө е е « 
соо е е 
. еее 
* е е е е 
.ө 4 « . 


оо ов е 
* 999 € 
. еее» 
ооо в 6 
Фоо е 6 


Фоо а 6 
ооо о е 
. е... 
ооо е о 
e. +. o 
ооа э э 


138.953 


140.95 

144.962 
145.962 
147.962 
149.964 


Фоо о 6 
ооо о 
4.... 


153.971 
154.971 
155.972 
156.973 
157.973 
159.974 
159.2 


164.94 


* о эө = o 
* а « е « 
то ео а 
сое о ө 
eteco o 
eeeee 
ооо о = 


4...» 


Фо о в 6 


(continued) 


Spin 7 
(0) 
172 
(0) 
172 
(0) 


5/2 
7/2 


1/2 


(>12) 

(>1/2) 
5/2 
5/2 


(continued) 


Magnetic 
moment 7 


—0 
— .9997 +2 
~ 0 
—1.0459+2 
—0 


+3.3591 +5 
+2.5465 55 


фео ев 


* ө ө ө ео 


+2.8086+8 
(+)2.74£14h 
— .7766=1 


-Һ2.5771:59 
-Һ2.7271:-33 
+2.8397 = 30 


X 8346-25 
TO 9351+27 
12 7760--28 
4-4.5938 


e...» 
44... 
еөжөеее 


Фое ее 


te...» 


e...» 
.4... 
е.4.... 
e... >+ 
Фоо о 6 
ооо е 


соо о 6 
ооо ве 


ооо 6 е 


ete.. o 


Quadrupole 
moment f ? 


— E 
2 


— .59+20 
— 43-15 
ICM 


< 3 


ЕШ 


++ 
Ne 
Сл КӘ 


eee 


+ 
A 


EL 
-- 5.9 
1.71 


A 
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TABLE 719.—ATOMIC WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 
(continued) 


Atomic Magnetic Quadrupole 
7 Element Isotope mass Spin ? moment 9 moment ї 2 
104. — DO (0 LL 5 
180% 22... (0 MEME ..—— et 
75 Ке 1590 - 572 4-3.3 (4-2.8) 
Поа: ЭСИ 53% 
1872 ~~ eee S72 +3.3 +2.6 
76 Os 189 189.04 Рен) 245. 
190 190.03 ЖКТ. 
192 192.04 КИЕ. 
77 Ir 191 191.04 C12) ..... 
193 193.04 9/2) iM 
78 Pt 194 194.039 (0) --0 
195 195.039 1/2 — .60592+8 
196 196.039 (0) —0 
198 198.05 4. Е 
79 Ач 197 197.04 2/2 + .20 
80 Hg О. (0) —0 
По... 1/2 50413 £13 
LOCH _..... (0) ~ IN 
ПЫ” ТС 342 + .5590+1 + .5 
20222 Ж. (0) —0 UO 
2040 77... (0) ~) 


Part 3.—Thallium to curium (1950) § 


The masses have been derived as outlined by Stern.^ The mass of the a-particle is assumed 
to be 4.00389 mass units and the mass of Pb™ is 206.04519 mass units. The masses of thallium, 
lead, and bismuth isotopes are determined from the following neutron binding energies (in Mev): 


СЕС 6.522:0.03 РБ” S. 1559-005 ВБ .... 3.90500. 
TIS Len 7.48+0.15 Pb’... 0.71920 016 B 7.98 7.44—0.05 
ИРАНА. 6.302-0.03 ро. 38.501903 Bi Ж 4.62+0.015 


The decay energies are taken from a paper by Wapstra * except for two corrections. The 
decay energy of Ra*"? is taken to be 170 Kev higher than that given by Wapstra as was assumed 
by Stern. Also, it is assumed that the decay of Ra’ is 700 Kev, and the masses based on this 
assumption are in parentheses. A few other disintegration energies not given by Wapstra were 
taken from Perlman, et al.’ 


Nuclear Nuclear 
Z A M-A Spin?  magnetons 9 2 А М-А Spin? magnetons 7 
8] ТТІ 203 .04187 1/2 +1.6114+3 83 В 211 205968: 
204 .04385 .. E 212  .063941 
205  .04480 1/2 4+1.6272+3 213 .06720 
206  .04702  ... VO 214 .072524 
207 2048542... Т; 84 Ро 208 .05244 
208 .05330 ... Ns 209 .05425 
209  .05690  ... Maus 210 .05488: 
210  .06261ł ... Р 211  .058001 
82 Pb 204 0421 (0) --0 212  .061521 
205 .044%6  ... Ex 213 .06586 
206 .04519 (0) --0 214 2068481 
207 .0466 1/2 + .5894—1 215 .073121 
208 04802 (0) --0 216 .07587+ 
200  .05285 >... E. 218 .083981 
210 .05619: ... Pn. 85 At 212 906138 
Ж 661171. о 214  .06964 
212 06457? ... 7. 215  .072321 
214 .07353:  ,.. T 216 .076361 
83 Hi 208 050114  ... Е 217 .07877 
209** (05213 9/2 -410801--5 218 .083654 
210 05614 ЕЕ. EN 86 Rn 216  .07424 


(continued) 


SMITHSONIAN PHYSICAL TABLES 


663 
TABLE 719.—ATOMIC WEIGHTS AND OTHER CHARACTERISTICS OF ISOTOPES 


(concluded) 
Nuclear Nuclear 
Z 4 М-А Әріп? үпарпеїоп57 7 4 M-A Spin? magnetons 9 
86 Rn 216 .07424  ... ia 9] Pa 226  .10494 
2175 707822 ..; ЕС 227 10631 
218 1805 .. ene 228 .10874 
219 .08447ї ... Зи 229  .10088 .. 
220  .08663* ... voe 231* .11479 3/2 
222 10938... mo 282 31767 ... 
8/ Fre 15 ХІІ 2. ee 233 (11900) 
219  .08420 .. mS 234+ 12317 
205008756... а, 92 U 228 110931 
22/77 08055  .... bots 220 11142 
223  .09608* ... M 230  .11222 
88 Ra 220 4.08632 .. eee 232  .11624 
221  .08944  ... T 233 (11908) 
222 109116... ЕИ 234: 12110  ... 
223  .09479: ... bes 225% 5123924572 7/2) 
224  .00673* ... И 237 66 12927) s 
225 es ЕИ 238: .13226 
226 103004 .. P 239 113606 
228 109284... РР 93 Мр 231 111696 
О Ас 222 00201 2... om 233  .11985 
223 09535 9 2 o 235 12421 ... 
224 09819  ... к 237 (.12874) 5/2 
225  .00978  ... е 238 1248... 
227 105304 .. ae 239 113470 
228 109261 ... 22209; 94 Pu 232 12039 
90 Th 224 04998 .. E 234 .12283 
225 10051 ec a. 236 112641 
226 10193 ... MU 238 /.13099 
227 ОБАВИ... NC 239 113343 
228 106554 .. 25 241 (13864) 
2207 7210992)... КОО 95 Ат 239 113440 
230 1120117... К 241 (13862) 
15055 у... MS 242  .14206 
25201175] 4 Ts 525” 96 Cm 238  .13382 
233 (12095) ... D. 240  .13713 
234  .12381* ... Dou 242 114152 


223 References: a, Tollestrup, Fowler, and Lauritsen, Phys. Rev., vol. 78, p. 372, 1950. ђе Веће КА. 
Elementary nuclear theory, John Wiley & Sons, Inc., 1947; Rasetti, F.. Elements of nuclear physics. Prentice- 
Hall, Inc.. 1936; Poss, H. L., Phys. Rev., vol. 75, p. 600, 1949. c, Harvey, J. A., Bull. Amer. Phys. Soc., 
vol. 25, p. U4, 1950. d, Stern, M. O., Rev. Mod. Phys.. April 1949. e, Wapstra, A. H.. Physica, vol. 16, 
p. 33, 1950. f, Perlman, I., Ghiorso, A., and Seaborg, G. T., Phys. Rev., vol. 77, p. 26, 1950; Kinsey, B. B., 
et al., Phys. Rev., vol. 78, p. 77, 1950; also private communications; Hanson, et al., Phys. Rev., vol. 76, p. 578, 
1949. g, Ramsey, Norman, Experimental nuclear physics (forthcoming), John Wilev & Sens. Inc. 

Note added in proof, 1953.— Because of recent mass measurements, the mass of Ph?" should be taken as 
206.03859. All mass values should be lowered 0.00660 mass units. See Stone, Martin O., Rep. Univ. California 
Radiation Lab., April 1952. | | | 

МЕЗЕТІН. **Quadrupole moment = —0.4. та» f Radioactive series. $ Prepared by 
J. A. Harvey, Massachusetts Institute of Technology (see footnote 223, above, reference c). 
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ТАВЕЕ 720—5ОМЕ FUNDAMENTAL PARTICLES OF MODERN PHYSICS * 


Electron.—4A negatively charged stable particle. The negative charge surrounding the 
nuclei in all neutral atoms consists entirely of electrons. 

Positron.—A particle of the same mass, M., as an ordinary electron. It has a positive 
electrical charge of exactly the same amount as that of an ordinary electron (which 15 
sometimes called negatron). Positrons are created either by the radioactive decay of cer- 
tain unstable nuclei or, together with a negatron, in a collision between an energetic (more 
than one Mev) photon and an electrically charged particle (or another photon). A positron 
does not decay spontaneously but on passing through matter it sooner or later collides 
with an ordinary electron and in this collision the positron-negatron pair is annihilated. 
The rest energy of the two particles, which is given by Einstein's relation E — mc? 
and amounts to 1.0216 Mev altogether, is converted into electromagnetic radiation in the 
form of one or more photons. 

Proton.—This is the nucleus of an ordinary hydrogen atom. It has a positive charge 
of exactly the same amount as that of an electron and a mass M» which is 1837 times 
larger than M. and is a stable particle. No experimental evidence of negative protons has 
been found as yet. 

Neutron.—An electrically neutral particle of mass only very slightly greater (by a 
factor of 1.0013) than that of the proton. Neutrons are produced in various nuclear re- 
actions. In the free state a neutron 1s unstable, decaying spontaneously with a half-life of 
about 10 minutes into a proton, and electron and (presumably) a neutrino. When passing 
through matter a neutron can also be captured by atomic nuclei. 

Deuteron.i—UNucleus of H*. 

a-particle.f—Nucleus of He*. 

Meson.—T wo types of particles of mass intermediate between that of the electron and 
proton have been discovered in cosmic radiation and in the laboratory. The one particle 
with mass about 215 m. is called u-meson, the other with about 280 m. --meson. Mesons 
of both positive and negative charge have been found and there is now reasonably good 
evidence for neutral mesons. Both types of mesons decay spontaneously. Some evidence 
exists for a meson of mass about 1000 әл. 

Neutrino.—An electrically neutral particle of mass very much smaller than that of the 
electron and possibly zero. There exists as yet no direct experimental evidence for the 
existence of neutrinos since they interact extremely weakly with matter (e.g., only a small 
fraction of neutrinos passing through a body of solar mass would be absorbed). There 
exist, however, extensive measurements on the momentum and energy oí the parent and 
daughter nucleus and of the emitted 8-particle in a 8-decay process. These measurements 
show that energy and momentum (as well as spin and charge) in such a process can be 
conserved if, and only if, a light neutral particle such as the neutrino is emitted together 
with the 8-particle. 

Photon.—A photon (or y-ray) is a quantum of electromagnetic radiation which has zero 
rest mass and an energy of h (Planck’s constant) times the frequency of the radiation. 
Photons are generated in collisions between nuclei or electrons and in any other process in 
which an electrically charged particle changes its momentum. Conversely photons can be 
absorbed (i.e., annihilated) by any charged particle. 

There have been some reports of other particles than those listed above. 





Magnetic 
moment 
Mass Spin Charge (nuclear 
(g) (ћу (esu) magnetons) 
Electron, negative (negatron) e^... 9.1066»«107* 1/2 —4.8025x 1071? 
Electron, positive (positron) е*... 9.106610 A +4.8025 х 1079 ‚Жен 
Proton pw... EN оса 1:6725»c10-*f 1/2 +4.8025 х 1079 2.7926 
Neutron, nmm .. JN se 1.6747 107" 172 попе —1.9135 
Deuteron Mr... LE a 3.34486х 107" 1 +4.8025 х 1079 ‚8565 
а-рагнсјо и m 6.6442 « 10-*4 none +9.6050 х 1079 0 
Rest mass 
(electron Spin Charge Mean life Mode of Mode of 
Name Symbol mass) (71) esu (sec) decay capture 
и*— тезоп џи 209 1/2 +4.8025х 1079 2.1510  ш'ље4+27 ...... 
M —meson iu 209 1/2 —4802510°° 2.15K10° д эе 7+2, p pnr 
m*— meson T 275 бог! --448025хХ10% 2.6Х10 тмд» | |...... 
T —Tmeson T 275 бог! --48025хХ10:%9 296x10? тәк» п + р—>–њ 
r —meson T? 265 0 0 алатау Ж 2. 
рһо{їопї + 0 integral О x n РСТ 
neutrino » <.005 1/2 п. ^^ о. ИИ УУ? 
* Prepared by E. E. Salpeter and W. K. H. Wolfgang. T Not fundamental. f The photon (radiation 


quantum), hv: ү; value (A = .64) — 3.310X 10-?? ergs. 
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TABLE 721.—NUCLEAR REACTIONS * 665 


If a neutron or proton (or a light nucleus) approaches a nucleus at a distance less than 
the range of nuclear forces it may interact with the nucleus in various ways. If the kinetic 
energy of the incident particle is not more than a few Mev it is usually first captured by 
the nucleus, forming a compound nucleus. This compound nucleus is in an excited state 
(having an excess energy due to the extra binding energy of the additional particle as well 
as its initial kinetic energy) and in a short time either (a) makes a transition to its ground- 
state releasing the excess energy in the form of photons, (b) re-emits the incident particle 
returning to the ground-state or an excited state of the original nucleus (elastic or inelastic 
P^ or (c) emits some other particle (neutron, proton, deuteron or a-particle 
usually). 

A neutron does not experience any Coulomb repulsion on approaching a nucleus and 
hence can react with a nucleus however low its kinetic energy. However, if the incident 
particle is a proton or deuteron (and even more so if it is an a-particle) it has to overcome 
an energy barrier due to the electrostatic Coulomb repulsion of the nucleus. For a proton 
incident on a light nucleus (small Z) this barrier is a few hundred Kev and increases 
almost proportionately with Z. If the kinetic energy of an incident proton is larger than 
this barrier it can react about as easily as a neutron. If its energy is lower it can still 
react due to a purely quantum phenomenon called barrier penetration, but the probability 
of such a reaction's taking place decreases extremely rapidly as the kinetic energy is 
decreased relative to the barrier. 

Nuclear processes in stars.—There are no free neutrons in stellar interiors (any 
produced are quickly captured by nuclei), but there is a large proportion of ionized hydro- 
gen and helium (protons and a-particles). At a stellar temperature of, say, 2X10" °C the 
mean thermal kinetic energy of a proton is less than 2 Kev which is appreciably less than 
the Coulomb barrier of even light nuclei. This means that the reaction rate for protons 
being captured by a nucleus in stars is in general low and decreases very rapidly with 
increasing charge Z of the nucleus, reactions with nuclei of 2 greater than 8 (oxygen) 
being negligible for practical purposes in stars. 

Two different cycles (the carbon and proton-proton cycle respectively) are of importance 
in connection with nuclear energy production in stars. In each of these cycles four protons 
are captured, separately, by certain light nuclei, two of the compound nuclei thus formed, 
beta-decay, emitting a positron and neutrino. Each positron subsequently finds an electron 
and the pair is annihilated, accompanied by the emission of photons. The net effect in each 
of these cycles is that four protons and two electrons have disappeared, an a-particle has 
appeared in their place and two neutrinos have been emitted. The energy generated is the 
total binding energy of an a-particle plus the rest-energy of two electrons which amounts 
to about 29 Mev per cycle. About 7 percent of this energy is lost in the form of kinetic 
energy of neutrinos, which escape without interacting any further. The remaining 93 per- 
cent of the energy is converted into thermal kinetic energy and radiation. The photons 
created in the original nuclear processes are absorbed after traversing only a short distance 
in the star and a larger number of photons of lower frequency are emitted, etc., so that 
the radiation finally leaving the star has approximately the spectral distribution of black- 
body radiation. The rate at which these cycles take place and hence the rate of energy- 
production increases very much for ever a small increase in the stellar temperature. 


* Prepared by E. E. Salpeter. 


TABLE 722.—THE THEORETICAL DE BROGLIE WAVELENGTHS ASSOCI- 
ATED WITH VARIOUS PARTICLES AND BODIES OF GROSS MATTER *“ 





(«= h/(m v) ) 
De Broglie 
Velocity Energy wavelengths 
Particle Mass in g cm/sec ergs A 
Slow electron сень... Охо 1 4.5 х1078 7.3108 
I-volt-electron ............ 91 x10 5.9 X10 1.6 X10" 12. 
100-volt-electron .......... 91 x107 5.9 X10° ГО Щщ? 122 
10,000-volt-electron ........ 9,2 Хал 5.0 10° Lo 05 12 
H; molecule at 200*C....... 33 x107 2.4 «10° 95 X10 ‚82 
100-уоП ргоїюп ............ 1.67 10-* 1.3810" 16 Х10” 029 
100-volt a-particle ......... 5.9 PIU 694x10* . L6 x107* 0143 
a-particle from radium..... 6.6 «10% А ЖО? 1.45X 105 6.6X 10 
22 ЙЕ ВШЦе аа... е... 1.9 32,000 9.5 X10 11591045 
Golf Ва Па ^ 45 3,000 2.0 х 10" 4.9 10-* 
Вазера!! ............ — 140 2,500 4.4 x10* 19Х10:% 





24 Stranathan, J. D., The particles of modern physics, Blakiston Co., 1942. Used by permission of 
the publishers. 


SMITHSONIAN PHYSICAL TABLES 


666 


TABLE 723.—RATES OF NUCLEAR REACTIONS IN STARS AND OF ENERGY 
PRODUCTION AT VARIOUS TEMPERATURES * 7% 











Reaction Temperature: 
10x109 15x109 17.5108 20108 25Х 106 30 108 

H'!+ H!—>H?+et 610" yr 1.210% yr 6х 108 уг 4X10? yr 2X10? yr 1108 yr 
H?--H'2-He3-ry 15 sec 2 sec 1 вес .5 sec .2 sec PI ес 
Нез+Нез— Вет-у 2x101? yr 1.5Х 109 уг 1.2108 yr 1.5107 yr 5105 yr 5X10 yr 
Be?7—>Li?—e- 70 days 70 days 70 days 70 days 70 days 70 days 
1i7+H!1—> Het+ He! 10 hr 50 min 50 sec 15 sec 2 sec .4 sec 
Mean life of hydrogen 6x10 yr 3x10? yr 1.5Х 108 уг 1x10? yr 5Х 108 уг 3X108 yr 
Energy production in 

ergs/(g sec) 7 5 40 80 120 250 400 

Part 2.—-Carbon cycle, temperatures in °K 
Reaction Temperature: 
10x109 15x109 17.5108 20 108 25108 30% 108 

САН! МА 2х109 уг 1X10? yr 6X104 yr 7 Х103 уг 200 уг 15 уг 
Му (14 е+ 10 min 10 min 10 min 0 min 10 min 10 min 
СН Ми <5X108 yr < 2.5105 уг <1.5Х10* уг <1.5Х108уг <50 уг <3 yr 
Ма Н'—> ОБ у 2X10" yr 4x107 yr 1.7Х106уг 1.5Х105 уг 3X10? yr 150 yr 
О МБ. + 2 пип тіп тіп тіп 2 тіп 2 тіп 
МА Н!—> (С'2+Неч 4Х107уг 8108 yr 300 yr 30 yr .6 yr Ayr 
Mean life of hydrogen 5Х1013 уг 1X101! yr 4х 108 уг 4Х 107 уг 7Х 105 уг 3104 yr 
Energy production in 

ergs/(g sec) .0025 12 300 3,000 200,000 4,000,000 


Relative abundances of NH: C2: C83: N5 at a temperature of 17.5X10°°K are in the approximate ratios of 
5,000: 200: 50: 1. 


Note that the energy-production for the carbon cycle increases much more rapidly with tem- 
perature than for the proton-proton cycle. At very “low” temperatures (<10 °K) the proton- 
proton reactions are the only ones of importance. The net result at these temperatures is the for- 
mation of He? and a positron out of three H' nuclei, since the reaction between He? and He* is 
then too slow to be important. In Table 724 the reaction times of a few other nuclear reactions 
are given merely to show the rapid increase of the reaction time with increasing charge of the 
interacting nuclei especially at lower temperatures. None of the reactions listed in Table 724 are 
of 1mportance as sources of stellar energy. 


* Tables 723 and 724 prepared by E. E. Salpeter. 

225 Bethe, Phys. Rev., vol. 55, p. 434, 1939; Astrophys. Journ., vol. 92, 
field, Theory of atome nucleus and nuclear energy sources, Oxford Univ. 
Hall, R. N., Phys. Rev., vol. 77, p. 197, 1950, and private communication. 
unpublished work. 


. 118, 1940. бато and Critch- 
ress, 1940. Fowler, W. А., ала 
Christy, R. F., and O'Reilly, J., 


TABLE 724.—TIMES REQUIRED FOR SOME OTHER REACTIONS 


Reaction Temperature: 15X109 *K 20х10 °К 30 106 °K 
F"-E-H'——50"--He* 5x10? yr 1X10* yr 5X10? yr 
МЕН О 0° Уг 5X10° yr 5X10? yr 
ОЗЕН ОЕ у 5X10" yr 2X10" ya lox 0^ vr 
Ne^-EH'—Na?-E»y SIUE VE 5x 10" yr 5X10° yr 
Li +He‘—B"+y 2х О ym 210" yr АО Уг 
Be'--He' 4 C'-r-» 5 ПОР yr 110” yr 2x10 yr 


All mean reaction times are proportional to the density p of the stellar material and to 
Cn, the percentage by weight of hydrogen (except the reactions in which one of the collid- 
ing nuclei is He’ instead of H' in which case Cue replaces Cu). The figures in the above 
tables are for Cu = 67 percent, Cue = 30 percent, and for p = 160 g/cm*. The calculations 
of Christy and O’Reilly* for the interior of the sun give these values for Cu, Cue and p as 
well as a concentration of 1.5 percent for carbon, nitrogen, and oxygen combined and of 
1.5 percent for all other elements combined. Their calculations predict a temperature of 
about 17X10" °K in the interior of the sun. The mean life of all the hydrogen now present 
and the total energy production due to the proton-proton cycle and the carbon cycle are 
also given in Table 723. For the carbon cycle the mean life of hydrogen and the energy 
production depend on the concentration of the isotopes of carbon and nitrogen. These ele- 
ments play the role of a “catalyst” controlling the speed of the reaction and are reproduced 
at the end of each cycle. The figures in Part 2 of Table 723 are for a concentration of 1 


percent by weight for N”. 


* For reference, see footnote 225 above. 
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TABLE 725.—SLOW NEUTRON PRODUCED RADIOACTIVITIES OF LONG 
HALF-LIFE * 7 


Radioactive 
isotope 


ДЗ 


Half-life 
12.1 yr 
2 уг 
17 | уг 


DIU yr 


5700 yr 
5700 уг 
14,8 ћг 
170 min 
14.3 d 
87.1 d 


2102 vr 


37.5 min 
1.83 hr 
12.4 hr 
152 d 
2.5 hr 


Max energy 
B-particles 


emitted 
Mev 


.0179 
.0179 
.0179 
.6 
2156 
.156 
1.39 
1.8 
1.72 
169 
64 
4.94 
2/55 
3.5 
.260 
2.8 
1.49 
.36 
capture 
2.81 
capture 


ра 
ON NO Co ДА 
CN CN 


S 


to 
m SE 


apture 


сәгәк-О = W | em 


o oot 


apture 


А > О 
зоор; 
> > anm 


Max energy 


none 
1.40. 
попе 

.247 


* Revised by Jacob I. Rhodes, University of Pennsylvania. | E 
20 Stephens, W. E.. (editor), Nuclear fission and atomic energy, Science Press. Used by permission 


of the editor. 
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(continued) 


Thermal neutron 


cross section 
in barns 


6.5Х10: 


860 (n,a) 
5000 (n,p) 
‚0085 

p (n,p) 


ней ыі 
мою м | 
с 


mir NO 
bo 
ho + 


~ 
ANN, NNO 


= л ә 
© км 


с-з” ~ 


е >. 
> + © 
з 

сә 


45 


from Mo? decay 
1 


12 
67 


from Ru'^* decay 
12.1 


39 


2.3 
from p decay 





Percent 
abundance 
of parent 

nucleus 


.016 
7-5 
12x10“ 
100. 


27. 
13.5 
48.7 


12.8 
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TABLE 725.—SLOW NEUTRON PRODUCED RADIOACTIVITIES OF LONG 
HALF-LIFE (concluded) 


Max energy Max energy Percent 
B-particles "y-rays Thermal neutron abundance 
Radioactive emitted emitted cross section of parent 

isotope Half-life Mev Mev in barns nucleus 
nea” 43 d 17 22 14 28. 
aed” 2.33 d 1.13 ‚55 1.1 28. 
aca. ТӨ Пг 1.7 í. 1.4 Te 
oln” 48 d T .19 61. 4.5 
aln” 53.9 min .85 2152 56. 95.77 
soon’ 105 d ‚080 085 1.1 1.1 
a Sb? 2.8 d 1.94 57 6.8 БЛ 
Sb” 60 d 237 2.06 | 2.5 44. 
Те!" 9,3 ћг .70 попе .78 18.7 
aTe” 72 min 1.8 .8 13 31.8 
1178 25 тіп 2.02 428 100 
s^! 8 d .687 37 from Te™ decay 
“Хе” S27 d 35 085 2 26 9 
528 ӘЛІГЕ 2,4 016 100 
s Cs УТ .66 1.40 26. 100. 
«Ван! Га K capture 172 24. .09 
“Ба” 85 min 227 .163 5 717 
заа! 40 ћг 2:12 2.3 9. 99.9 
Се 30 а 6 2 .95 88.5 
Сем? 33 hr 1545 5 ГОД 11.1 
ерге 19.3 hr 2.14 1.9 DE 100. 
«ха 104 „90 58 1.5 16.5 
юа? 1.7 hr 1.5 RR 2.4 6.8 
Sm 47 hr ‚78 .61 280 26.6 
asmi 25 min 1.9 ‚3 6 22.5 
о 9.2 hr 1.88 25 1530 49.1 
osu 7 yr .9 12 1000 522 
e Gd? 18 hr 95 .38 ІП 24,8 
es Lb? 3.9 hr E. m 11 100 
“Гр 75 4 ‚58 115 22 100. 
вв Оу! 25 hr 12 .8 2700. 27.3 
«Но% 222 hr 1.6 PN 67. 100. 
os Er e? 9.4 d .33 none Ht 271 
ЕГІ” 7.5 һг 1.5 ‚81 7. 14 9 
s Tm? 127 d 98 8309) 118. 100 
о У 33 d K capture 4 18,000. 14 
отр 4.] d .50 :35 50. 31.8 
2Y b!” 2.1 hr 1 2 осо 5. 12 7 
nbus 3.7 hr 115 попе 30. 97.5 
аш!" 6.6 d 47 2 3200. 25 
„НР“ 46 а 46 47 10. 35.1 
ila 120 d 53 1827 20.6 100 
uw 73 d 43 попе 2.1 30.7 
„УУ 187 24.] hr 1.33 .69 37.2 29.2 
s Rel 90 hr 1.05 none 101. 38.2 
site 18 ћг 2.05 .43 75 61 8 
vw Os?! I5 d .142 129 3.4 26.4 
16005! 3 32 hr 1.2 1.58 3.9 41.0 
alr”? 70 d 67 ‚607 740. 38.5 
nlt 19 hr 22 1.4 130. 61.5 
s E LE 234 Б; 4,5 25.4 
АРЫ” 18 hr 54 1.1 25.4 
ерем 31 тіп 1.8 ET. 3.9 722 
о А и 27 d .96 411 96. 100. 
„Нр? 51.5 4 2i 3 2.4 29.6 
ва ГЇ” 3S5 yr 87 none 75 29.2 
РЬ? 3.32 уг ‚68 попе 00045 5212 
a B1 5.0 d 1.17 попе 015 100. 
«Dos 138 d ee from Bi?? decay 
v Lh 23.5 min 1.6 none от 100. 
nas 2580 23 ‚30 {гот ТВ? decay 
eU x 23.5 min 1.20 .076 S006 
Мр 23d 1.18 27 from U™ decay 
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When various materials are bombarded with the high-speed particles produced by one of the de- 
vices given in Table 718, disintegrations, or the building up of elements higher in the atomic 
table, result. Some examples of these reactions are given in the table. 


Part 1.—Some values of the energy of artificial disintegration for different isotopes and 


for different reactions 7 


Neutron bombardment 








H!(n,y)H? — 2.320 Mev B!(n,H3) Be? — 9.57 Mev NM (n,a) BH — .28 Mev 
He?(n,£)H? .764 Ви(п,у) В:2 2.6 Ми (у р)См „60 
І19(и,р) Нее -- 2.9 Be?(n,y) Be!? 6.69 O19( n,2n) O15 --15.6 
Li?(n,a3) H3 4.785 Be?(n,a) He? — .80 О1%%(и,а) СІЗ -- 2.31 
Li? (n,y) Lis 1.98 Ве9(и,2и) Веб -- 1.63 О (и,а) С!* 1.73 
B!?(n,a)Li? 2.79 C'2(n,n)3a — 7.43 NH*(n,H3) C1? — 4.10 
B1? (n,H3) Be$ 522 С!2(и,2и) Сп --18.68 РСН .626 
В19(и,р) Ве19 .20 C!3(n,a) B16 — 3.94 NH(n,H3)3a --11.43 
B (n,a) Lis — 6.66 N!5(n,H3)C!3 — 9.97 
Proton bombardment 
Li?*( p, ) Ве? 5.53 Mev Be?(p,d) Be8 .558 Ми (ра)Си — 3.00 
1.18 (р, а) Нез 4.021 Вю (ру) Си 8.70 N'5(p,a) C1? 4.92 
Li? (p,n) BeT — 1.645 В!0(р,и)С10 -- 5.2 Cl2(p,y) Міз 1.92 
Li*(p,y) Be5, Bes * 17:21 B!?(5,a) Be? 1.146 C18(p,y) N14, N14 # 7.56 
Li? (p,a) Het 17.28 В!!(р,а) Ве 8.57 С13(р,п) №13 2.96 
Be?(p,d) Bes .559 Bit(p,n)Cn 25-275? Е (ра) Ол 8.113 
Be?(p,y) B!6,B!10 * 6.49 Ви(р,у)С12,Ст2 * 15.96 F1?(5,n) Ne!? — 3.84 
Be?(p,n) B? -- 1.84 O18(p,n) F18 — 2.455 
Be?(p,a)Li8 2.125 Mev 
Deuteron bombardment 
Li*(d,a) He* 22.23 Меу B11(d,a) Be? 8.03 Меу Сіз(а,р)СЧ 5.99 Меу 
Li&(d,n) Be? 3.54 Ви(а,п)Ст1,Ст * 13.78 N!*(d,a)C1? 13.50 
Li®(d,p) Li? 5.012 B11(d,p) B12 .4 N4(d,p) N15 8.57 
Li®(d,n) Be? 3.34 Be®(d,a) Li?,Li? * 7.09 NI (d,n)O!5 5.1 
Li®(d,a) He 22.29 Be?(d,H3) Bes 4.53 Ми(а, Нз) №8 -- 4.36 
Li? (d,p)Li$ — .193 Be?(d,p) Be1? 4.52 N(d,a)3a 6.16 
Li*(dja) He5 14.3 C? (d,p) C13 2.726 N5(d,a)C!s 7.62 
Вю(а4,а) Ве8,Ве8 “ 17.81 С!2(4,п) №3 -- .279 O18(d,a) N14 3.07 
B'°(d,p)B™,Bt * 9.24 С13(4,а) Ви 5.10 
B(d,n)Cu 6.53 
a-ray bombardment 

Ве°(а,а’) Ве +n — 1.63 Mev Li'(a,n) B'24,B!0* — 2.78 Mev Be®(a,a’) Be® * — 1.63 Mev 
Be?(a,a') Be? * — 1.63 B'0(a,d) C2 1.44 B11(a,2) N14 .28 
Be®(a,a’)He® +a — 2.4 В!0(а,р) С!3,С13 * 4.14 B (a,p) CH .88 
Be?(a,a')2a +" — 1.58 B19?(a,n) N!3 1.18 Cu (a,n) O15 — 
Li®(a,p) Be® — 2.12 *Be?(a,n) C12,C12 * 5.75 

227 Ногпуак, W. F., and Lauritsen, T., Rev. Mod. Phys., vol. 20, p. 191, 1948; Phys. Rev., vol. 78, 

p. 372, 1950. 
Part 2.—Photo-nuclear reactions, threshold values °?” 

H?(vy,n)H! 2.20+ .05 Mev Cat? (y,n)Ca3! 15.9 + |4 Mev Саз (%у,х) Са: 6.44+ .15 Меу 
Be?(y,n) Be8 1.63-- .3 Fe5*(y,n)Fe53 13,8 -к ,2 Snil?(y,n)Sn!i8 6.51+ .15 
Li7(y,p) He® 9.8 + .5 Mn®5(+,n) Mn5 10.15+ .20 Sni?Zi(y,n)Sn!??7 8.50+ .15 
C2(y,n) C 18.7 +1.0 Cu9(y,n)Cu? 10.9 + .2 Sb?i(y,n)Sb!2  9.254- .2 
NHM(y,n) N13 10.65-- .2 Cu$*5(y,n)Cu** 10.2 + .2 112 (су, т) 1128 9.3 + .2 
Mg?*(y,n) Mg? 16.2 + .3 Zn**(y,n)Zn9? 11.80+ .20 Pri(y,n)Pri 9.40+ .10 
Mg(y.p)Na% 11.5 +1.0 Zn7*(y,n)Zn® 9.204 .20 Nd'9(y,n)Ndi99 7.404 .20 
Mg?9(y,p)Na?5 14.0 +1.0 Br7®(4y,2)Br78 10.7 + .20 Tal8l(y,2)Tal® 7.7 + .2 
AIZ (y, n) A18 14.0 + .4 Br®l(y,n)Bre 10.2 + .20 Au®t(y,n) Au 8.00+ .15 
5128(%у,п) 5127 16.8 + .4 7г%(ү,л)?г89 12.48-- .15 Нур (у п)Нџ; о 6.25+ .20 
Рїї (уз) рзо 12.35+ .2 Zr?1 (y,n) Zr*9 7.20-к .40 Tl95(y,n)TI?9 7.38+ .15 
$32(y,n) S3t 14.8 + .4 Mo??(y,n) Mo?! 13.28+ .15 Pb (y,n) Pb? 6.8525 220 
K (y,n) K3 13.2 + .2 Мо" (у,п)Мо% 7.10+ .30 Bi™(¥y,n) Bi 7.45+ .2 


228 McElhinney, J., Hanson, A. O., Becker, R. A., Duffield, R. B., and Diven, B. C., Phys. Rev., vol. 75, 


р. 542, 1949. 


им 
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TABLE 727.—METHODS OF PRODUCING ELEMENTS BEYOND URANIUM => 


The heavier elements, Np, Pu, Am, Cm, Bk, and Cf may be produced by artificial trans- 
formation of U, followed by radioactive breakdown. A few examples follow: 
oo + ut: > uU + "Y 
E „Мр“ + В-(23 пип) 

„Мр Ys ates + 8° (2.35 days) 
mu -+ TR => BUT E on! T on! 

oe J" у ма "ae U 8 (6.8 d) 
pU + Н? > s Np” Ha an! T on! 

Np’ ше ЕВЕ В (2.04) 
cs J..Het Pun a 
Ри > 2 + B*(—10 yr) 











For quantity production: 
Pu + on —> “eu + У 


„Ри + on „Ри“ 4 у 
Ри" > „Ат“ + в- 


„Ри E ;He* => пСт + ots 
ог s Cm?" -- yi! + оп' - un! 


For quantity production: 
sAm! + on ә А т“ + у 
„Ат? * Em Cm”? ig 
Ат?" + „Не — «ВК? 4 on? + on! 
oom"? + Не“ — СГ + on + yn 





2» G. T. Seaborg, private communication. 
* Sixteen-hour + 100-year isomers. 


TABLE 728.—PILE YIELDS OF SOME ISOTOPES* 


Calculated for 10 liters of material exposed to 10" neutrons cm? sec"! 


Cross section 
in units of 


10-24 cm? Density 


times relative of Atomic Mean 
Radioactive isotope material Half-life weight of free path Yields 
isotope abundance g/cm in hours material cm mc/hr 
H’ 107 1 1.1105 9 7Х10' 107 
Be” .0086 1.85 24x10" 9 570 7 107? 
cs 1.7 1.6 4x 10' 30 12 250107 
Ма“ E ‚97 14.8 23 60 1100 
DE 23 ДА 343 31 60 5 
KS .066 ‚86 12.4 39 680 120 
Cas .012 1.54 3650 40 2220 :12 
Fe? .001 4.86 1110 56 7000 il 
Zi .26 7.14 6000 65 65 4,5 
As? 4.6 527 26.8 75 2.86 1300 
Вт 112 312 34 80 28 1300 
Rb" 152 1.53 469 85 106 20 
Sr” .0041 2.6 1770 88 8000 1 
Ае LI 0.5 5400 108 41 200 
Пи 2.74 7.3 1150 115 57 150 
тат? 20.6 6.6 2800 181 48 680 
pr .015 9.8 120 209 1420 





* Revised by J. L. Rhodes. 
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TABLE 729.—COMPARATIVE PROPERTIES OF ORDINARY AND 
HEAVY WATER * 





Property H0 H20 

Specific gravity at 25°C relative to ordinary water 

а ИЕ аага. 1.0000 1.1079 
Temperature of maximum density................ 40°C 1265 
ееси сое -2......................... 81.5 80.7 
ПК ГЕП ОА .....-.................... 72.75 dynes/cm 67.8 
Дао а. 13.10 millipoises 16.85 
Меи О ОЮ ........................... .000* C 3.002 °C 
Вошпр рош (76 стНр ргеввлге)................ 100.00°С 101.42°С 
НЕН 2........................ 1436 са! /тоје 1510 
Иса тароггапйоп аг 25-С. 4... 7” 10484 cal/mole 10743 
Refractive index at 20°C for Мар Њпе............ 1.33300 1.32828 


* For reference, see footnote 224, p. 665. 


TABLE 730.—THE MECHANICAL EFFECTS OF RADIATION 2% 


Wavelengths, Nature of Effect on Temperature, Where 
ст radiation atom eK found 
7500x107 Пе а A Disturbs outermost 280 Stellar 
Е lectrons м atmosphere 
3750 1078 Е 7700 р 
250x107 а Disturb inner ES Stellar 
10-* у electrons 29.000.000 interiors 
5107" : 58,000,000 Central 
\ Soft y-rays пеш | to regions of 
107 290,000,000 dense stars 
4x107? y-rays of RaB Disturb nuclear 720,000,000 ? 
arrangements 
5X 10 агае y-rays ^ e 58x 10* 
4.5x 107? ? Building of He atom 64 10° 
out of H 
210°" Highly penetrating Disintegrates nuclei 15x10" 
KIKI” ? Annihilation or creation 22x10! 


of proton and accom- 
panying electron 


—€———————X!C!'"——— ——————— M н ъа а ало нее ее а ч а е аи е ненне нен оне н 





239 Nat, Res. Council Bull. 80, 1931. 
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A number of elements (12; 43 isotopes) of high atomic weight, now found 
in the earth, and one of the isotopes of each of six lighter elements (Table 732) 
are unstable in that they spontaneously break down into other elements, emit- 
ting a, B or y rays. The study of artificial radioactivity shows some other 
types of breakdown. Some of the artificial radioactive nuclei break down by 
the emission of positive electrons or of neutrons; a K electron may be captured 
(designated by A) ; some internal conversion of electrons may take place (e) 
or there may be some isomeric transition of the nucleus (I.T.). 

The characteristics of the three rays—a, 8, and y—are quite different. A 
3 Mev a-particle has a velocity of about 1/25 that of light, a range in air of 
1.7 cm, and produces some 4,000 ion pairs per mm in air at 760 mmHg at 
15°C. A 3 Mev -ray has a velocity of nearly 99 percent of that of light and 
a range in air of about 13 meters, and produces only about 4 ion pairs per mm 
in air. The energy of a y-ray, which is very short-wavelength radiant energy, 
is E = hy, and it has the velocity of light. Thus a 3 Mev y-ray has a wave- 
length of 4.1 XU. However, the y-rays given by the natural radioactive mate- 
rials have much less energy than this (4 Mev), generally about 1 Mev. [Some 
artificial radioactive materials emit y-rays with very high energy (See Tables 
750-752.).] The wavelengths of the y-rays from natural radioactivity particles 
range from about 4.5 to about 4,000 XU. y-rays have a very long range. 
A y-ray produces directly no ions along its path but spends almost its entire 
energy in producing a photoelectron. Rutherford ?*??' says that the B-rays аге 
about 100 times as penetrating as the a-rays, and the y-rays 10 to 100 times as 
penetrating as the B-rays. 

Today it should be stated that, in general, the radioactive isotopes (about 
43 in number) of these 12 elements change into other isotopes, either smaller 
or of the same weight, depending upon the type of breakdown. The nucleus 
of the resulting isotope may be smaller in weight by about four units and have 
a charge two units smaller than the parent due to the emission of an a-particle, 
or it may be of almost the same weight and have a charge one unit greater due 
to the emission of a B-ray. There are several changes in both the weight and 
charge that may take place for some of the artificial radioactive nuclei. 

The character of these changes varies with the element and seems to be 
determined by some probability law. It does not seem possible, by any ordinary 
physical or chemical means, to change these characteristics. (See artificial dis- 
integration, Table 726.) 


* For reference, see footnote 199, p. 618. 
=a Rutherford, E., Chadwick, J., and Ellis, C. D., Radiation from radioactive substances, 
Cambridge Univ. Press, 1930. 


TABLE 731.—UNITS FOR THE RATE OF RADIOACTIVE DISINTEGRATION 


The curie, the adopted unit of the rate of radioactive decay, is defined as the number of 
disintegrations of 1 gram of radium (3.6110"°) in 1 second. As a working value for the 
curte the National Bureau of Standards some years ago adopted the value 3.70010" 
disintegrations per second. 

The rutherford (abbreviated rd) = 10° disintegrations per second, has been suggested 
as a smaller working standard. Then, 1 millirutherford (mrd) = 10° disintegrations per 
second and 1 microrutherford (urd) = 1 disintegration per second. 

The rate of disintegration of an isotope that emits gamma-rays may be determined by a 
measure of the y-ray emission in roentgens. 

A committee of the National Research Council *' recommended that the curie be defined 
as 3.7010" disintegrations per second; the rutherford (rd) as just given. For quantita- 
tive comparison of radioactive sources emitting gamma-rays, for which disintegration 
rates cannot be determined, the roentgen per hour at 1 meter (rhm) is recommended. 


21 Physics Today. vol. 3, p. 5, 1950. 
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TABLE 733.—THE ORIGINAL NAMES OF CERTAIN RADIOACTIVE MATERIALS * 


Radioactive Radioactive 
name Element and isotope name Element and isotope 
Actinium 89 Actinium 227 M 82 Lead 210 
Actinium À 84 Polonium 215 Radium E 83 Bismuth 210 
5 B 82 Lead 211 E F 84 Polonium 210 
“ С 83 Bismuth 211 s 82 Lead 206 
“ C 84 Polonium 211 Radon t 86 Radon 222 
“ Gr 81 Thallium 207 Actinon 86 Radon 219 
“ р 82 Lead 207 Emanation 86 Radon 222 
E K 87 Francium 223 Niton 86 Radon 222 
ч X 88 Radium 223 Thoron 86 Radon 220 
Actinouranium 92 Uranium 235 Thorium 90 Thorium 232 
Brevium (see 91 Protactinium 234m Thorium A 84 Polonium 216 
Uranium Х,) кар 82 Lead 212 
Emanation 86 Radon 222 a 84 Polonium 212 
Mesothorium I 88 Radium 228 M (ON 81 Thallium 208 
“ 89 Асипшт 228 v D 82 Lead 208 
Niton 86 Radon 222 M X 88 Radium 224 
Radioactinium 90 Thorium 227 Тћогоп 86 Кадоп 220 
Radiothorium 90 Thorium 228 Uranium I 92 Uranium 238 
Radium 88 Radium 226 а II 92 Uranium 234 
Radium A 84 Polonium 218 p Xa 90 Thorium 234 
> Б 82 Lead 214 E Xe 9] Protactinium 234m 
| Ç 83 Bismuth 214 “ М 90 Thorium 231 
| С’ 84 Polonium 214 “ 7. 91 Protactinium 234 
EN C 8] Thallium 210 Uranium lead 82 Lead 206 


* At times the prefix cca was used to designate the element following certain elements either in the periodic 
table or in radioactive series. f At one time all these materials were called Emanation, i.e, RaEm, AcEm, 


ThEm. 


TABLE 734.—THE FOUR RADIOACTIVE FAMILIES 


The radioactive isotopes of the heavy materials arrange themselves into four families, 
or series, that are known either by the parent of the family or by the member of the series 
with the longest life. Before the various isotopes had been established some of the differ- 
ent members of the families had special names. (See Table 733. ) These families or series 
are also designated by the numerical relation of the particular isotopes of the family in- 
volved and the number 4. Thus the four families or series are: (1) Thorium, or 4 
series; (2) Neptunium,* or 4n -- 1; (3) Uranium, or 4n 4- 2; (4) Actinium, or 4n + 3. 

Generally, tables of these families show the type of radiation emitted, the energy of the 
radiation, the end product, and two or three factors that describe the time characteristics 
of the disintegrations ; ie, T the half-life (that is, the time it takes for one-half of the 
ЗУ material to disintegrate, which can be accurately measured Ta, the average life, and 


, the decay constant. From the law of disintegration which radioactive materials have 
а found to follow, the three constants are shown to be related as follows: \= = 


1 
апа а = 


There are a number of isomers ?^* in the series as shown in Table 742, as for instance, 
see Uranium Х,, Radium C, Actinium, etc. As a result of recent work on the artificial 
production of radioactive isotopes many more isomers could be given. Also, the first 
member of some of the series might be different. Thus, the 4n +3 series (the Actinium 
group) might start in this manner: 





Rays and Т Decay constant 
Element end products (half-period) sec} 
92 Uranium 239 B^, Np? 23.5 min 4.910% 
93 Neptunium 239 6. РО 2.3 days 35x107” 
94 Plutonium 239 a, U™ 2.4X 10‘ yr 9.2x10^? 





To be sure, any trace of such members of this family would no longer be found in the 
earth. 


* Almost all the isotopes of this о are artificial products and arc not now found in the earth. 
232 Sergé, Emilio, and Helmholtz, A. C., Rev. Mod. Phys., vol. 21, p. 271, 1949. 
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TABLE 735.—VARIATIONS IN THE ISOTOPIC COMPOSITION OF COMMON LEAD * 





Relative isotope abundances 


Source of lead Locality Geological age 204 206 207 208 
Сайға” ....... Great Bear Lake, Canada...Pre-Cambrian ....... 1.000 15.93 15.30 353 
Galena ....... Broken Hill, N.S.W....... Pre-Gambrian 227” 1.000 16.07 15.40 35.5 
ferussite ..... Broken Hill, N.S.W....... Рге-Сатарпапйп.. W000 15.927 15.30 T333 
1.000 15.93 15.28 35.2 
Са|епа С.Е BERcey Co, N.C ......... Late pre-Cambrian .. 1.000 18.43 15.61 382 
(Galena... eee Шассац бегтапу ......... Carboniferous ....... 1.000 18.10 15.57 37.85 
Cerussite ..... Patel Germany occat. Carboniferous ....... 1.000 18.20 15.46 37.7 
Баева... ШЕОЛ ОМО с, по пева се... Late Carboniferous .. 1.000 21.65 15.88 40.8 
Galena II ..... ОЛО oee а Late Carboniferous .. 1.000 21.60 15.73 40.3 
1.000 21.65 15.75 40.45 
(епа 5 Metalline Falls, Wash. ..... Late Cretaceous.. 1.000 19.30 15.73 39.5 
Cerussite ..... Wallace Табо с. Late Cretaceous ..... 1.000 15.98 15.08 35.07 


1.000 16.10 15.13 35.45 
Wulfenite and 
Vanadinite .. Tucson Mts., Arizona...... Мпїосепе ............ 1.000 18.40 15.53 381 


Galna у... сахопу Germany с... +... Бшк ТТТ” С 1.000 17.34 15.47 37.45 
1.000 17.38 15.44 37.3 





* For reference, see footnote 45, p. 136. 


TABLE 736.—LEAD RATIOS OF SELECTED RADIOACTIVE MINERALS * 


Age ratio in 


Mineral Locality Geologic age 109 years 
Samatskite 9€... Glastonbury. Geh. ..-—— or Рге- Тас 270 
Pitchblende ...... Jachwmov, Bohemia ..2 055 —— Late-Paleezoic КО... 220 
ПВО о... Ее NOT Wale... s+ cee see ee cee Permian ta) eee Е 230 
Eom 22 са Gullbosen, Sweden .... eer Latest Cambrian TE - 400 
Bröggerite 22... Karlhus, Raade, Могмау ............ Pre-Cambrian 222 900 
А Aust- agder, Arendal, Norway eeren Pre-Cambrian 22022 1000 
[(гайшие........ [Же stone, SIDA. cessere er Pre-Cambrian “ees 1500 
Югапіше 22... Sinyaya, Pala, Carelia, Биа... Рге- Сат та к И 1850 


* For reference, see footnote 45, p. 136. 


TABLE 737.—ANALYSIS OF THORIUM C” (THALLIUM 208) BETA-RAY 
SPECTRUM °? 





Energy of 8-rav 


к = da 2 
35 £ = Ead Energy ЕЕ Е = line + absorption LA 
2:8 ЈЕ 5 M in ium 23 Е Е Шіл іп о Е у 
1 V.S. Li .0252+.0158 .0410 23 m. Li .2446 4-.0158 .2604 
2 s. In .0259--.0152 .0411 18 V.S. K .1915-+.0875 .2790 
2 т. Lin .0278 4-.0133 .0411 25 ms- len .2640 4-.0158 .2/98 
4 V.S. М, 0369--.0038 0407 20 5, К .2042 4-.0875 .2917 
5 m. Mv .0380-.0025 0406 26 m.s: 2 .2756-+ 0158 ‚2914 
б 5. М! 0398-1-.0009 0407 29 V.S. K .4281--.0875 „5156 
7 m. Мог О .0404--.0001 0405 30 V.S. Li .5025-1-.0158 .5183 
8 p K .0577+-.0875 1452 31 т.і. М, .51504-.0038 .5188 
13 Ё Li .1283 4 -.0158 .1441 30 vS ШЕК .5025--.0875 .5900 
12 m.s. K .1231--.0875 .2106 59 m.s. Ly .5729--.0158 .5887 
19 mí. №. .1954--.0158 2112 35 mi А .6990-+.0875 .786 
14 m:s. E .1458-1-.0875 239) 36 f. Li 470 +.0158 .786 
21 m.f. ЖЕ .2165-+.0158 2223 40 5. К 2,558 --.0875 2.646 
16 m.s. К .1661-.0875 .2536 4] т. Li 2.635 +.0158 2.651 
22 f. Lı .2369 4-.0158 2527 42 Е Мі 2.646 +.0034 2.649 
17 m. K .1706-.0875 ‚2581 





233 Rutherford, E., Chadwick, J., and Ellis, C. D., Radiation from radioactive substances, Cambridge Univer- 
sity Press, 1930. 
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TABLE 738.—ALPHA-RAY SPECTRA OF SOME NATURAL RADIOACTIVE 
MATERIALS 


It is sometimes stated that all alpha-particles from any one source are emitted with the same 
energy or velocity. This is in the main true for most of the particles but careful measurements 
have shown that this is not always the case. For some time it was known that occasionally an 
а dele had а range much longer than average, which, of course, means a high initial 
velocity. 


Епег 
Меап Disinte- ее 
гапре Velocity a-ray gration from main Relative 
Atomic Element in air, (cm/sec) energy energy group number of 
No. and isotope а-тау ст х 10-9 Меу Меу Меу particles 
92 Uranium 238 2.92 1.420 4.20 4.28 
(Uranium I) 
Uranium 234 3:5 ESIS 4.76 4.85 
(Uranium II) 
91 Protactinium 231 3.8 1.553 5.01 5.11 
90 Thorium 232 2.90 1.390 4.00 4.75 
Thorium 230 3 1.500 4.66 4.67 
(Ionium) 
Thorium 228 ао 22 1.6150 5.418 5.517 0 5 
(Radiothorium) a: T 1.6020 5.335 5.431 .086 1 
Thorium 227 со DES. 1.7063 6.049 6.159 0 80 
(Radioactinium) a; * 1.7021 6.019 0:127 .32 15 
аз NI. 1.6979 5.990 6.097 .62 100 
аз 2e. 1.6948 5.086 6.075 .84 15 
as М... 1.6885 5.924 6.030 1.29 5 
а5 КД 1.6806 5.870 5.975 1.84 10 
ав ре 1.6729 Ай 5.921 2.38 5 
ar Ж 1.6558 5.766 5.869 .290 80 
аз iss 1.6627 5.744 5.847 312 15 
аә nb. 1.6589 5.719 5.822 .337 60 
ао ae 1.6524 5.674 5.776 383 10 
88 Radium 226 ао 2:9 1.520 4.793 4.879 0 С 
а, 3.4 1.492 4.612 4.695 ‚184 
Radium 224 E 1.653 5.681 5.786 ee 
(Thorium X) 
Radium 223 а» Ке 1.6589 5.719 5823 0 6 
(Actinium X) Qi Los 1.6424 5.607 5.709 .114 4 
а; Жет 1.6316 5:993 5.634 .186 ] 
86 Radon 222 4.3 1.626 5.486 5.58867 M SN 
(Emanation) 
Radon 220 4.967 1.7387 6.2872 6.3995 
(Thoron) 
Radon 219 Qo 5.655 1.8117 6.824 6.953 0 10 
(Actinon) 01 (5.308) 1:7703 6.561 6.683 270 1 
а; 5.147 1.7593 6.436 6.556 .397 1 
84 Polonium 218 4.9 1.700 6.00024 6.11239 "TE ADD 
(Radium A) 
Polonium 216 5.601 1.8054 6.774 6.9038 
(Thorium A) 
Polonium 215 6.420 1.8824 7.368 7.508 
(Actinium À) 
Polonium 214 6.870 1.9220 7.68300 7.82934 0 10° 
(Radium C’) 1758 1.9550 8.280 8.437 .608 43 
„М 7 2.0729 8.941 0.112 1.283 (.45) 
9.00 2.0876 9.068 9.242 1.412 22 
ae 2.1157 9.315 9.493 1.663 38 
2.1356 9.492 9.673 1.844 1:35 
2.1543 9.660 9.844 2.015 95 
2.1678 9.781 9.968 2.138 1.06 
2.1817 9.908 10.097 2.268 .36 
2.2001 10.077 10.269 2.439 1.67 
eae 2.2079 10.149 10.342 2:513 .38 
Те 2.2274 10.329 10.526 2,697 1.12 
11.47 2.2466 10.509 10.709 2.880 23 
Polonium 213 3.805 1.59715 5.3006 5.4033 Re 


(continued) 
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TABLE 738.—ALPHA-RAY SPECTRA OF SOME NATURAL RADIOACTIVE 
MATERIALS (concluded) 


Atomic 
No. 


83 


Mean 
range 
Element in air, 
and isotope а-тау ст 
Polonium 212 8.533 
(Thorium С”) 9.687 
11.543 
Polonium 211 6.518 
(Actinium C’) 
Bismuth 214 ао (4.039) 
(Кадшт С) а (3.969) 
Bismuth 212 а: ЕТ. 
(Тһогіпт С) аз m 
аз sooo 
а. co oc 
as SEEN 
Bismuth 211 ao 5.392 
(Actinium C) а! 4.947 


Velocity 
(cm/sec) 
Ж 10-9 


2.05405 
2.1354 
2,2501 
1.8911 


1.630 

1.620 

1.7108 
1.7053 
1.0651 
1.6446 
1.6418 
1.7832 
1.7356 


Disinte- 
a-ray gration 
energy energy 
Mev Mev 
8.7783 8.9476 
9.4912 9.6736 
10.5418 10.7447 
7.434 7.581 
5.5068 5.6117 
5.4458 5.5495 
6.081 6.20069 
6.044 6.16069 
5.762 5.8729 
5.620 5.7283 
5.610 5.7089 
6.619 6.739 
6.262 6.383 


Energy 
differences 
from main 

group 
ev 


0 
./26 
1.797 


0 
.062 
0 
.0400 
.3278 
.4724 
.4918 
0 
.356 


Relative 
number of 
particles 


10% 
34 
190 


94 
113 
272 
69.8 
1.80 
16 
1.10 
100 
19 


TABLE 739.—CHARACTERISTICS OF SOME HIGH-SPEED ALPHA-PARTICLES 
FROM NATURAL RADIOACTIVE SOURCES * 


Atomic 


No. 


22 


89 
88 


86 


85 


84 


83 


Protactinium 


Element 
Uranium 


Isotope 
234 
225 
238 
221 


Thorium 227 


Actinium 
Radium 


Radon 


Astatine 


Polonium 


Bismuth 


228 
230 
202 
227 
220 
224 
226 
219 
220 
222 
215 
216 
218 


214 


* For reference, see footnole 199, p. 618. 
t Approximate range in air (from curve). 
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Common 
name 


Uranium II 


Actinouranium 


Uranium I 


Radioactinium 
Radiothorium 


Ionium 
Thorium 
Actinium 
Actinium X 
Thorium X 
Radium 
Actinon 
Thoron 
Radon 


Polonium 


Actinium C' 


Thorium C' 
Radium C’ 
Actinium A 
Thorium A 
Radium A 
Actinium C 
Thorium C 
Radium C 


Energy Range f 

Velocity Mev cm 
1.516х 109. 4.76 3.4 
1.483 4.56 OZ 
1.43 4.18 2.9 
1.555 5.01 37 
Еле 6.05 4.8 
1.616 5.42 4.1 
1.500 4.66 29 
1.498 3.98 27 
1.537 4.94 3.6 
1.660 5.72 4.4 
1.657 5.68 4.4 
1.520 4.79 3.5 
1.814 6.82 5.8 
1.729 6.28 5.1 
1.628 5.49 42 
1.964 8.00 7.4 
1.937 7.79 7.1 
1.802 6.72 5.7 
1.599 5.30 40 
1.894 7.43 6.6 
2.058 8.78 8.7 
1.925 7.68 7.0 
1.886 737 6.5 
1.805 6.77 5.8 
1.701 6.00 4,8 
1.787 6.62 5.6 
ВА 6.08 4.9 
1.630 5.51 4.2 


682 
TABLE 740.—CHARACTERISTICS OF SOME HIGH-SPEED ALPHA-PARTICLES 
FROM ARTIFICIAL RADIOACTIVE SOURCES * 


5 





Atomic Velocity Energy Range in 
No. Element Isotope cm/sec Mev air,f em 
96 Са аъ 238 1.77Ж 10’ 6.50 5.4 
240 1.74 6.26 5.1 
241 1.71 6.08 4.9 
242 172 6.1 4,9 
95 Атемешт ОО... О 239 1.67 5.77 4.5 
241 1.62 5.48 4.2 
94 Plutonium: и 232 1.78 6.6 55 
234 1.73 6.2 5.0 
236 1.66 575 4.5 
238 1.63 5.51 4.2 
239 157 5.15 3.8 
240 1:57 5.1 3.8 
93 Neptunum зе 231 1.73 6.2 5.0 
235 1.56 5.06 3,8 
237 1.51 4.77 3.4 
92 ramum 2... a a -е 228 1.80 6,72 5.7 
229 1.76 6.42 52 
230 1.68 5.85 4.6 
91 Боас 2.2... 226 1.81 6.81 5.8 
227 1076 6.46 5.4 
228 1.71 6.09 4.9 
229 1.66 5.69 4.4 
90 Тогип ТҮН та ен 224 1.86 7.20 6.3 
225 1.78 6.57 5.5 
226 1.74 6.30 Sal 
227 1.71 6.05 4.8 
229 1.56 5.02 3.7 
89 Actinium eE e eee 222 1.83 6.96 6.0 
223 1.79 6.64 5:6 
224 1825 6.17 5.0 
225 1.67 5.80 4.5 
88 Radium ee R сата а 220 1.90 7.49 6.7 
221 1.80 6.71 5.6 
222 1.77 6.51 5.4 
224 1.65 5.68 4.4 
87 Базат. 6А 218 1.94 7.85 72 
219 1.88 7.30 6.4 
220 1.80 6.69 5.6 
22] 1.74 6.30 52 
86 Radon < са и 216 1.97 8.07 7.6 
217 1.93 7.74 7.1 
218 1.85 212 6.2 
85 папе И со он шине 207 1.67 5.76 4.5 
208 1.65 5.66 4.4 
21 1.69 5.89 4.6 
214 2.06 8.78 8.4 
217 1,84 7.02 6.1 
84 РО. ENSE 208 157 5.14 3.8 
205 1.61 5.35 4.0 
206 1.58 5.2 3.9 
213 2.01 8.34 8.0 
83 Bismuth Е 197 1.73 6.20 5.0 
198 1.68 5.83 4.6 
199 1:02 5.47 4.1 
200 1.58 515 3.8 


* For reference, see footnote 199, p. 618. 
t Approximately, from curve. 


TABLE 741.—VAPOR PRESSURE OF THE RADIUM EMANATION IN cmHg 


Temperature °С ........ —127 —101 —65 —56 —10 +17 +49 +73 +100 +104 (crit) 
Vapor pressure ......... .9 5 76 100 500 1000 2000 3000 4500 4745 
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TABLE 742.—BETA-RAYS FROM RADIOACTIVE MATERIALS—BOTH NATURAL 


(MARKED WITH *) AND ARTIFICIAL 


Atomic Radioactive Energy 
No. Element Isotope name in Mev 
95 Americium 242m ‚8 
93 Neptunium 239 .68 
238 1.39 
92 Uranium 230 ES. 1.20 
91 Protactinium  234m* . Uranium X; 222 
230 ~1.1 
90 Thorium 233 M 12 
89 Actinium 228* Mesothorium 2 1.55 
87 Francium 223% Actinium K 1.20 
83 Bismuth 213 UN — 1.3 
210* Radium E 1.17 
82 Геаа 211% Actinium B 1.40 
209 T A 
81 Thallium 209 E, 1.8 
208* Thorium C” 1.82 
207* Actinium C” 1.47 
206 1.70 
204 .8 
80 Мегсигу 205 1.62 
79 Gold 200-202 215 
198 96 
78 Platinum 199 1.8 
197 .65 
77 Iridium 194 22 
192 ‚67 
Atomic Energy Atomic Energy 
No. Element Isotope in Mev No. Element Isotope in Mev 
76 Osmium 193 1.5 54 Xenon 157 4.0 
75 Rhenium 188 2:5 135 .93 
186 1.07 53 Iodine 136 6.5 
74 Tungsten 187 .63 135 1.4 
73 Tantalum 182 1.0 133 1.4 
71 Lutetium 176m 1.15 128 1.59 
170 ЕЕЕ” 52 Telluriym 129 1.8 
70 Ytterbium 177 155 127 .76 
69 Thulium 170 1.0 51 Antimony 126 2.8 
68 Erbium 171 1.49 124m 32 
67 Holmium 166 1.8 124 2:07 
162-161 20 g* 122 1.36 
65 Terbium 154 221 В" 120 1.558" 
64 Gadolinium 161 1.5 Е 118 ЗВ. 
63 Europium > 154 ~2.5 50 Тіп > |2) 1.8 
157 ~1. 125 ~2.2 
154 9 123 2.6 
152 1,88 49 Indium 117 1.73 
62 Samarium 155 1.9 116 2.8 
153 ‚78 114 1.98 
61 Ртоте ат 149 1.1 112 1.5 
148 25 22008. 
1.7 48 Cadmium 115m 1.8 
2.0 47 Silver 113 2.2 
60 Neodymium 149 1.6 112 3.6 
141 786 116 2.6 
59 Praseodymium 145 52 108 25 
144 3.0 106 2.04 в* 
140 в. 46 Palladium 111 35 
58 Cerium 143 1.36 | 101 Zona 
57 Lanthanum 141 2.9 45 Rhodium 106 3.95 
< 139 21 104 223 
56 Barium 140 1:05 44 Ruthenium 107 ~4. 
139 2:27 105 1.4 ) 
55 Cesium 138 2.6 95 Ls 


(continued) 
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TABLE 742.—BETA-RAYS FROM RADIOACTIVE MATERIALS—BOTH NATURAL 
(MARKED WITH *) AND ARTIFICIAL (concluded) 


Atom 
No 
43 
42 


41 


40 
39 


38 
97 


36 
35 


34 
33 
32 
31 


30 
29 


їс 


Element 


Technetium 


Molybdenum 


Niobium 


Zirconium 


Yttrium 


Strontium 


Rubidium 


Krypton 


Bromine 


Selenium 


Arsenic 


Germanium 


Gallium 


Zinc 


Copper 


Energy Atomic Energy 
Isotope in Mev No. Element Isotope in Mev 
101 1.3 28 Nickel 65 1.9 
100 28 57 .67 8* 
95 1.3 27 Cobalt 62 25 
94 2.47 B* 56 1.5 8* 
92 4.3 pt 26 Iron 52 55. 
101 2.0 25 Manganese 52m 2.66 B* 
99 1.3 51 20 pt 
93 2.65 B* 24 Chromium 49 1.45 g* 
97 1.4 23 Vanadium 52 2.05 
96 1.8 Е 47 19 g' 
92 1.38 22 Titanium біт 1.6 
97 22 45 I2 
89 1.07 8* 21 Scandium 49 1.8 
93 3.1 44 1.5 В. 
92 3.5 41 4.94 pt 
91 1.5 20 Calcium 49 2.3 
90 2.35 19 Potassium 42 2.04 
88 .83 g* 40* 1.9 
9] 1.3 38 2000891 
89 1.5 18 Агроп 41 1.18 
88 4.6 35 44 g* 
86 1.8 17 Chlorine 38 1.19 
81 9 g* 34 25 p 
87 ~ 4, 33 4.1 g* 
85 1.0 16 Sulfur 37 4.3 
85 25 31 3.85 g* 
84 5.3 15 Phosphorus 34 5.1 
80 2.0 2 1.7 
78 2.3985 30 2) а" 
76 3158 29 3.6 Б 
75 1.6 pt 14 Silicon 31 1.8 
83 15 27 3.74 g* 
83m 3.4 13 Aluminum 29 225 
81 1.5 28 3.0 
78 1.4 26 3.0 8° 
74 1.3 12 Magnesium 23 2.82 g* 
72 2.78 g* 11 Sodium 24 1.4 
77m 2.8 10 Neon 23 4.1 
27 2.0 19 22 В+ 
71 12595 9 Fluorine 20 5.0 
73 1.4 17 210 
70 1.68 8 Охуреп 19 4.5 
68 1.9 pt 14 18 g* 
66 3.1 g* 7 Митореп 17 3.7 
69 1.0 16 3.5 
63 2.3 13 1.24 g* 
66 2,9 6 Сагђоп —10 КВ. 
62 26 g* 5 Boron 12 12 
61 12998 3 Lithium 8 12 
60 1.8 6: 2 Helium 6 3.7 


TABLE 743.—RELATIVE 


Relative 
stopping 
Substance power 
air EE. 
О. 1.07 
E Oe 21 
Нет. 17 


STOPPING POWER OF SELECTED SUBSTANCES 
FOR «-PARTICLES ?* 


Range in Relative Range in 
substance stopping substance 
Range in air Substance power Range in air 
1 Ме... ‚62 1.61 

93 ы - 98 1.02 
4.77 Кере... ак. | 52 .66 
5.88 рее 1.98 .50 

T 1700.00.22 лб ae 





2и Rasetti, Franco, Elements of nuclear physics. Copyright 1936 by Prentice-Hall, Inc., New York. 
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TABLE 744.—ANALYSIS OF THE BETA-RAY SPECTRUM OF RADIOACTINIUM 
(THORIUM 227) * 


| 


Number 
of line 


к=з — 
со Сл 4» b) — СУ МО ~ СА ОЈ — 


Intensity 


Energy of B-ray 


line + absorption Energy 


50 
t ener -r 
© МО uu 
Li .0125+- .0192 0317 
[ли .0160 4-.0154 .0314 
М; .0262--.0048 0310 
Ми 0271--.0044 0315 
Му .0290 4-.0031 .0321 
Ni .0299 4-.0012 .0311 
Nvi .0305--.0003 0308 
ga .0320 .0320 
Li .0246+.0192 ‚0438 
Lu 0255+ .0185 .0440 
Lui .0281 4-.0154 .0435 
МІ .0388+ .0048 ‚0436 
Li .0340 4-.0192 41532 
МІ .0486 4-.0048 .0534 
Li .0425+-.0192 0617 
МІ .0567 +-.0048 0615 
М! .0598 4-.0012 .0610 


* For reference, see footnote 233, p. 679. 


TABLE 745.—ANALYSIS OF BETA-RAY 
(ACTINIUM 


> 
9% = Епег f B-ra 
es E = line ee LM 
жа 24 ~ епет о -та 
2 = © =. Mev У 
1 100 Lı .0381 +.0204 .0585 
2 85 Lui .0416 4-.0162 .0578 
3 65 Mı 0523--.0052 0584 
4 45 Мі 0566--.0012 0579 
5 6 Li 0593--.0204 0797 
6 4 Lii .0631--.0162 0793 
The M and N lines would be masked exactly 
by the intense lines 8 and 9. 
11 99 Li .1093+-.0204 .1297 
12 25 Lin .1129--.0162 ‚1291 
13 22 Мі .1245 4-.0052 .1297 
14 6 Ni .1279 4-.0013 .1292 
8 50 K .0749 --.1092 .1841 
17 20 Er .1644--.0204 ‚1848 


* For reference, see footnote 233, p. 679. 


P > 
25 ғ 
26 40 
29 30 
30 30 
18 100 
do 80 
36 30 
28 50 
38 30 
40 20 
37 60 
46 40 
47 30 
50 60 
48 20 
41 50 
49 20 


Energy of B-ray 


line + absorption Energy 
energy of y-ray 
Mev Mev 
.0813+.0192 .1005 
.0965-{-.0048 .1013 
.0990 4- .0012 .1002 
.0454--.1035 .1489 
.1305--.0192 .1497 
.1445--.0048 .1493 
.0936--.1035 .1971 
.1753--.0192 ‚1945 
.1899 4- 0048 ‚1947 
.1501--.1035 .2536 
.2348 4-.0192 .2540 
.2488--.0048 .2536 
.1796--.1035 .2831 
.2618 4-.0192 .2810 
.19764-.1035 .3011 
.2800--.0192 ‚2992 


SPECTRUM OF MESOTHORIUM 2 


228) * 


— 


к- 
t9 C9 М Ф оо С с 00 00 су Пмепзну 


ж E Origin 


Energy of B-ray 


line + absorption Energy 
energy of y-ray 
ev Mev 
.1782--.0052 .1834 
.14064-.1092 .2498 
.2291 4-.0204 .2495 


.2099 4-.1092 319 
.299 +.0204 ‚319 
.318 +.001 .319 
352 +.109 461 
442 +.020 462 
458 +.005 463 
804 --.109 9219 
.897 +.020 О 
861 --.109 ‚970 
949 +.020 969 


TABLE 746.—ANALYSIS OF THE BETA-RAY SPECTRUM OF PROTACTINIUM * 





Number 
of line 


Мо сл Оз КД ом 


e 2 = = = Intensity 


Energy of B-ray 


E line + absorption Energy 
‘= energy of y-ray 
о Меу Меу 
Li .0753+.0198 .0951 
Lini .0788 4-.0158 .0946 
Mi .0905 --.0050 .0950 
K .1896--.1064 .2960 
Li .2746--.0198 .2944 


* For reference, see footnote 233, p. 679. 
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= Number 
OO of line 


= а 
N = 


> s = = Intensity 


Origin 


МІ 


М, 


Energy of -ray 


line + absorption Energy 
energy of y-ray 
Mev Mev 
.2869-1-.0050 ‚2919 
.21944-.1064 .3258 
.3016--.0198 3214 
„3182 4-.0050 51222 
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TABLE 747.—GAMMA-RAY ENERGY OF SOME HEAVY ISOTOPES, NATURAL 


AND ARTIFICIAL 





y-ray y-ray 
Atomic energy Atomic energy 
No. Element Isotope Mev No. Element Isotope Mev 
95 Americium 240 1.3 83 Bismuth 214 1.8 
04 Plutonium 239 .42 (Radium C *) 
93 Neptunium 238 12 206 .74 
234 1.9 82 Lead 210 8 
92 Uranium 293 El (Actinium B *) 
9] Protactinium 234 ‚70 204 т || 
(Uranium Z *) 81 Thallium 208 2.62 
(Uranium X;,*)234m ‚81 | (Thorium C") 
252 1.05 199 15 
230 94 198 1.3 
85 Astatine * 210 1.0 80 Mercury 198m 4 
84 Polonium 210 77 
(Radium F) 
207 1.3 
206 .8 


* Natural radioactive source. 


TABLE 748.—THE GAMMA-RAY SPECTRUM OF ThC"* 


These differences of energies, or velocities, of the a-ray from thorium C are sometimes 
explained on the energy-level basis of the nucleus. The agreement with the energies of 
the y-rays emitted from ThC”, the daughter of ThC, and these apparent differences of 
disintegration energy of a-ray of ThC, given in the table show one agreement with this 
theory. 





Apparent Apparent 
difference difference 
of disintegration Energy of of disintegration Energy of 
Transitions energy of a-ray observed Transitions energy of a-ray observed 
between groups of y-ray between groups of “y-ray 
levels Thc from ThC” levels ThC Ғтот ТАС” 
1,» — Ра ‚040 040 24 — [2 .433 .432 
[3 — іл .328 227 Ls — La .452 .451 
[4 — Га .473 .471 [4 — Га .145 2 
Li;—la .492 а Ls — L; .164 
Li— La .288 .287 L; — [4 .019 





* For reference, see footnote 225, p. 666. 


TABLE 749.—DANGER RANGES FOR PERSONS WHO ARE WORKING WITH 
RADIUM, FOR DIFFERENT AMOUNTS OF RADIUM, PROVIDING 
THE RADIUM IS ENCLOSED IN NOT LESS THAN 1 mm LEAD 
OR ITS EQUIVALENT 


Daily exposure (in hours) 


1 2 4 8 16 
Amount of radium 
element milligrams Danger range (in meters) 
Иле” Е. ВРЕ Я .9 1.3 1.8 2.5 3.6 
200 .-c-—. X E [55 1.8 20 S10 5.1 
AQ Oats о. мои 1.8 215 3.5 5 7.1 
ІШІНЕ ЖТТ. D 2.9 4 527 8 11.3 
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TABLE 750.—GAMMA-RAY ENERGY OF SOME ARTIFICIAL RADIOACTIVE 
ISOTOPES OF LOW ATOMIC WEIGHT 


Atomic 
No. 


— «О ONA 


1 


12 
13 


17 


18 
19 


38 
39 


* Natural radioactive source. 


Element 
Beryllium 
Nitrogen 
Oxygen 


Fluorine 
Sodium 


Magnesium 
Aluminum 
Sulfur 
Chlorine 


Argon 
Potassium * 


Calcium 


Scandium 


Titanium 
Vanadium 
Manganese 


Iron 


Cobalt 


Nickel 
Copper 


Zinc 
Germanium 
Arsenic 
Bromine 


Rubidium 


Strontium 
Yttrium 





y-ray 


energy 


Mev 


Isotope 


ќо Мф 
e 


c co 


о 
~ 
м а а У tO) DD ә а а D) № С 
4 сл “У Ф 


Су бо бо > Сл не Со Су 4 СХ бо О со со Ко 


СА 
г 
e KN N e e e ee pi ped pd pd мыл {уу „ш „ш кш кмш ма 
ФФ 
сл — ма < > < <> C Cn 


оо 


© 
—+ 
N — = =m 
MJ SJ Co C5 C5 00 C9 CO 4 ыы 6 G9 Qr i (49 а 


САМ 


Atomic 


о. 


40 
41 


42 
43 
45 


Element 
Zirconium 
Niobium 


Molybdenum 


Technetium 
Rhodium 


Silver 
Cadmium 
Indium 
Tin 
Antimony 


Tellurium 
Iodine 


Xenon 
Cesium 


Barium 
Lanthanum 
Cerium 


Praseodymium 


Promethium 
Europium 
Terbium 
Holmium 
Thulium 
Lutetium 
Hafnium 
Tantalum 


Rhenium 
Osmium 
Iridium 
Platinum 
Gold 
Thallium 
Lead 
Bismuth 


Isotope 


95 
92 
96 
93 


923 


100 
106 
110 
107 
116 
126 
118 
124 
119 
135 
136 
127 
136 
138 
140 
140 
139 
142 
146 
143 
156 
154 
162 
166 
170 
175 
176 
182 
182 
193 
194 
193 
192 
198 


204 т 


206 


1 
1 
1 
ои > 
1 
1 
1 


> 


TABLE 751.—TOTAL MASS ABSORPTION COEFFICIENT, п/р, РОВ y-RAYS 
IN VARIOUS ELEMENTS (IN CM?/G) 


Wavelength 


UR» 


A] 
.16 
.28 
47 

| 
2.0 
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Cu 
‚36 
1.5 
4.3 
9.8 


19. 





hv Conversion 
(Mev) ANA observed 
y-rays of 
89 Actinium 228—590 Thorium 228 
.0581 ‚213 Рим 
0795 156 LiM iui 
.1294 .096 РМ Ма! 


.1841 .067 K LiMi 

.2497 .050 КЁ! 

.319 .039 КЕМ! 

.338 037 [observed in 
external 

.408 .030 Be om 

.462 ‚027 К І.М, 

.915 .0135 K Li 

.970 .0128 K Li 


y-rays of 
90 Thorium 227—88 Radium 223 
(RdAc) (AcX) 
.0315 .390 Гали М.М и Му 
.0437 .284 LiLuLiuMi 


0533 277 Г.М, 
.0614 .207 ГАА МТ 
.1007 7129 LiMiNt: 
.1493 .083 K LiMi 
.1954 .063 К Г.М! 
253 .049 K LiMi 
.282 .044 K Lr 
.300 041 Ro 


y-rays of 
88 Radium 223—586 Radon 219 
(AcX) (An) 
.1435 .086 K І.М, 
15 .081 K LiMiNiI 


‚157 .079 K LiMi 
.200 .062 ACER 
.269 .046 KS 


y-rays of 
90 Thorium 228—588 Radium 224 
(Rath) (ТҺХ) 


‚0848 ‚146 LiMi 
.0881 .141 І.М, 
y-rays of 
88 Radium 226—586 Radon 222 
.169 .066 К Г.М! 


y-rays of 
82 Lead 210—483 Bismuth 210 
(RaD) (КаЕ) 
0472 026 LiLuLiuMiNi 
y-rays of 


9] Protactinium 231—989 Actinium 227 
.0949 .0130 LiLiuMi 

.294 .042 КМ 

oe 038 КІЛТ, 


y-rays of 
82 Lad 214—83 Bismuth 214 
(RaB) (RaC) 
0529 0235 LiLul.ii Mi Mui M mi N1O 


.2406 .052 K CuMiı 
.2571 .048 K Li 
.2937 .042 K Li 

.3499 .035 K LiıMıNı 


TABLE 752—GAMMA SPECTRUM FOR SOME RADIOACTIVE BREAKDOWNS * 





hy Conversion 
(Mev) а observed 
y-rays of 


84 Polonium 210—582 Lead 206 
(RaF) (RaG) 

.202 .062 K 

798 0156 К 

1.068 0116 К 


y-rays of 
8i Bismuth 211-81 Thallium 207 
(AcC) (AcC") 
y-rays of 
84 Polonium 211—>82 Lead 207 
(AcC’) (AcD) 


„354 ‚035 K LiMi 
.460 .027 КА 
а .026 K Li 


y-rays of 
81 Bit 214—584 Polonium 214 
(RaC) (Вас) 
‚6067 0205  K LiMiN 
.766 0162 К 
‚933 0133 К 


1.120 0112 КМ; 
1.238 0100 КГ: 
1.379 0090 
1.414 0088 КІМІ 
1.761 0071 КІ 
2.198 0056 КІ 
ү-гауѕ ої 
82 Lead 212—583 Bismuth 212 
(ThB) ( ThC) 
‚1147 0108 — LiLuMiNi 
1757 0071 К 
.2379 0052 К РГ ила Ма М1 
.2494 0049 К 
.2990 00041. КІ,МІ 
y-rays of 
83 Bismuth 21284 Polonium 212 
(Tec) (ThC’) 
‚726 0171 К 
1.623 0076 К 
1.882 0066 К 


Ж 


y-rays oí 
8i Bismuth 212—>81 Thallium 208 
(ThC) (ThC” 


.399 0036 LiLrrLinM:MuNı0 
.287 .0043 КЁ 
.208 0042 К 
927 0039 К 
432 0287 К 
.451 Л 
.471 0263 К 
.617 0201 К 


y-rays of 
84 Polonium 212->82 Lead 208 
(ТҺС) (ThD) 


.2765 045 Ки 
.5100 (02433  KLiMi 
9309 (0224 КІМІ 
2.620 0047, KLM: 


* For reference, see fooinote 234, p. 684. 


(continued) 
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TABLE 752.—-GAMMA SPECTRUM FOR SOME RADIOACTIVE BREAKDOWNS 


(concluded) 
y-rays "5 from 82 Lead 210—583 Bismuth 210 
(RaD) (RaE) 
y-ray line E (kev) *y-ray line E (kev) 
(X) 65-7-Е 5 р 32 x1 
А 467 1 Е 212-556 
В 43 +1 F TIEN 


C = 1 


285 San Tsiang Tsien, Phys. Rev., vol. 69, p. 38, 1946. 


TABLE 753.—THE ENERGY RADIATED BY A NUMBER OF RADIOACTIVE 
MATERIALS * 


Energy of 
radiation 
in Mev 
Disintegrations Radiation 
Material Half-life Radiation aor B y No g- sec-! Mev g-! sec-1 
92 Uranium 238 4.5Ж 10° уг а 4.2 7 1.2310“ 5.2 X10‘ 
(Uranium I) 
90 Thorium 232 1.3910" yr a 41 £ 4.] x10? 1.70 10% 
88 Radium 226 1620 yr а ү 4.79 19 3.6 X10” 1.8010" 
86 Radon 222 3.825 d a 5.486 Ж 57 X105 3.1 X10" 
86 Radon 220 54.5 sec a 6.282 6 3.5 X10” 2.2 X107 
(Thoron) 
86 Radon 219 3.92 sec a 6.824 "m: 4.8 x10? 3.3 X103 
(Actinon) 
86 Radon 217 103 sec a 7.74 7 1.93 10* 1.5010” 
84 Polonium 214 1.5107 sec a 7.680 Кк. 1.30 10* 1.0 X10” 
(Radium C’) 
84 Polonium 212 3.1X 107 sec a 8.776 T" 6.4 X107 5.6 X10” 
(Thorium C’) 
84 Polonium 211 5X10 sec a 7.434 js 3.9 x10? 2.9 X10“ 
(Actinium C’) 
84 Polonium 210 138 d а“ 5.3 ^7 1.5710" 1.2 X10" 
83 Bismuth 214 19.7 min ay 5.5 1.8 1.6510" 3.0 X10” 
81 Thallium 210 1.32 min Bp 1.8 T 2.51Ж 10° 4.5 X10” 
(Radium C") 
81 Thallium 208 3.1 min BY 17 2.6 1.0810: 47 x10? 
(Thorium C") 
81 Thallium 207 4.76 min B^» 1.47 c 7.1 Xx10!5 1.0410” 
(Actinium C”) 
59 Praseodymium 142 19.3 hr p» 21 1.9 4.28x 10" 8x10" 
53 Iodine 136 1.8 min В” + 6.5 2.9 2.85 10” 8x10? 
19 Potassium 40 ** 1.8x10? yr В- ү 1.9 1.54 1.84 10° 3.9 х 10" 


* For reference, see footnote 199, p. 618. т К 

** The radiation from potassium may seem to be too intense as compared to that from thorium 232 ог 
uranium 238 but it must be remembered that the active isotope of potassium constitutes only .01 percent of 
ordinary potassium while the active isotopes of uranium and thorium constitute about 100 percent of the mate- 
rial. It is also to be noted that the active isotope of potassium has more disintegration than either uranium or 
thorium, in part due to its greater number of atoms per gram. 


TABLE 754.—SAFE WORKING DISTANCES FOR DIFFERENT EXPOSURE 
TIMES TO DIFFERENT AMOUNTS OF RADIUM 





Daily exposure Safe distance Daily exposure Safe distance 
milligram-hr meters milligram-hr meters 
100 1 800 24 
200 14 1600 3 
400 2 3200 5 
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TABLE 755.—COMBINATION OF LEAD SHIELD THICKNESS AND DISTANCE 
FOR ADEQUATE PROTECTION FOR EXPOSURES TO DIFFERENT 
AMOUNTS OF RADIUM, NOT EXCEEDING 8 HOURS PER DAY 


Workers with radioactive materials must observe certain precautions to avoid being 
burned by the emitted radiations. Tables 749, 751, 754, 755, taken from the National 
Bureau of Standards Handbook H 23 on Radium Protection, give some of the necessary 
precautions. These precautions are for radium; if some other radioactive product is being 
worked with, care must be taken to increase these precautions if the materials are more 
active than radium. See Table 732. 

The a-rays are much more easily stopped than the 8- or у-гауѕ. The most energetic 
a-rays are stopped by an ordinary sheet of paper or a sheet of aluminum .06 mm thick. 
The f-rays are stopped by a few millimeters of aluminum, while many of the y-rays will 
penetrate a block of lead a number of inches thick. 





Amount of Thickness Amount of Thickness 
radium of lead Distance radium of lead Distance 

milligrams cm cm milligrams cm cm 
О а рага 70 ПЛ А | ERE 570 
Я 60 Э И 340 
2 202 И 45 о 160 
ROCA. дшше ри 185 Бобо з. 4 о ER 550 
в. НЕ 22202-62... ш 160 
и 105 10... c EE 220 





TABLE 756—CONSTANTS FOR CATHODE-RAY SPEEDS IN MATTER 


Cathode rays whose direction of motion is perpendicular to the direction of a uniform 
magnetic field (H) describe a circular path of radius (r) according to the formula cor- 
rected for relativity change of mass of electron. 


Hr — 1704 t8 (1 — g^] 


where H is expressed in gauss and r in cm. 

When cathode rays impinge on matter they are deflected from their original direc- 
tion of motion. These deflections grade all the way from 180° “reflections” to the "diffu- 
sion’ corresponding to deflections through very small angles. The large-angle deflections 
are ordinarily comparatively infrequent. However, when the substance struck by the 
cathode rays is crystalline, certain directions may be preferred by the deflections. Here 
Ше beam of cathode rays behaves as though it consisted of a train of waves of wavelength 

— 0.02426/8, where №, is in angstroms. The preferred directions for the “reflected” 
Mode. -ray beams may be calculated from the Bragg formula (see Siegbahn’s “X-ray 
Spectroscopy’ ’). The simple Bragg formula is quite limited in application here, however, 
since refraction in the crystal is very appreciable for the cathode-ray beams. In general, 
the cathode rays which have been deflected by matter will have lost speed, but the rays 
which have undergone these "preferred" deflections remain of the same speed as the 
primary cathode beam. 

Cathode rays lose speed on penetrating matter. The losses of speed by individual 
cathode particles grade from complete stoppage to no loss of speed. The maiority of the 
cathode particles, however, lose speed according to the relation (Thomas-Whiddington- 


Bohr law) : 
Во — В“ == ах 


where f» is the initial speed, and £ the speed after traversing a path length x in the mate- 
rial (x to be measured 1 in cm along the actual curved path). and a is a constant roughly 
equal to 6. 5р where p is the density of the material in g/cm*. A convenient form for the 
expression is the following. Note that the two forms are not equivalent except at very 
low speeds (experiment has not yet decided between the two) : 


42 = p mm bx 
where Vo and V are the initial and final "equivalent voltages" (see above) of the cathode 


rays, in kv, and b is a constant roughly equal to 40 x 10e. A tabulation of experimental 
values of a and b for various materials follows: 


Material а b 
Bery Leslie EEERD ея 12: Z5 X 10° 
L e seres or e A О усш о 17. 138 " 
Оре EEE o a E nne 56. 30 * 
м. 66. 4.2 “ 
co MER о ПИ mE cs 138. 90 “ 
Moist air, бене СЕИ .0062 44 X 10° 
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TABLE 757.—ENERGY IN CALORIES/HR DEVELOPED BY ONE GRAM OF 
RADIUM IN EQUILIBRIUM WITH ITS PRODUCTS * 





Energy radiation in Mev 


Material Radiation a B 
а Кашып 220 wee, .. 1. raise а у 17.3255 10° 
cl keke 22 eannan a 19.80 
84 Polonium 218 ............. a 21.64 
(Radium A) 
БРИ ЕЛ 214й................ В ү а 2.35<10% 
(Кайит В) 
Sombismuth 214 2... .......... 2(.04% ) 8“ y D 11.46 6.50 
(Radium C) 
84 Polonium 214 ............. a 27.70 
(Radium C’) 
таю о. p Е 6.50 


Y 
.69%10°% 


OZ [Без 210 Ж _.............. BY m .09 17 
(Radium D) 

83 Bismuth 210) .............. B^ NÉ. 4.22 
(Radium E) 

84 Polonium О. ay 19.53 EN 2.78 
(Radium F) 


Radiation totals in Мезм.................. 105.99Ж10° 24.62 Х 1079 10.1410” 
Energy due to recoil of atom............... 3.71 


[\\рһа гауз апа гесо!..................... 109.70х 10° 


Total energy radiated (a, 67, y in Mev) = 144.4610" = 199 cal/hr. 
The total heating effect developed by one gram of radium in equilibrium with its prod- 
ucts in 199 cal/hr. 


* For reference, see footnote 199, p. 618. 


TABLE 758.—CATHODE RAYS 


Owing to the growth of the subject, electrons are treated under three separate headings ; 
cathode rays, the swiftly moving electrons from the cathode in a discharge tube; beta rays, 
from radioactive breakdown; and the general field, electrons. The velocity of the cathode 
rays (electrons) depends upon the applied voltage. At comparatively low pressures the 
cathode rays have a nearly uniform velocity. Free electrons are emitted from hot bodies 
(Table 683-689), especially if the heated substance is coated with barium, calcium, or 
strontium oxide (Wehnelt cathode). These electrons can be given any desired speed, 
always less than that of light, if the heated substance (usually in the form of a wire) be 
enclosed in an evacuated tube and the difference of potential (V) applied between the wire 
(cathode) and another electrode (anode, anticathode, or target). The speed of the electron 
and also its kinetic energy is often designated by giving the applied voltage, i.e., а 10 Ку 
electron has a speed of 10 kv, about .2 that of light, and an energy of 10,000 ev, or 
1.602 X 10% ergs. (See Table 713.) The speed (v) of the cathode rays, expressed as a 
fractional part (8) of the speed of light (8 — v/c, where c is the speed of light), when 
they have fallen through the entire potential difference, is given by the formula (which 1s 
corrected for the relativity change of mass) 


У = 510.8 [(1 — 8?) ^? —1] 


where V is in kilovolts. | 
A tabulation of the corresponding values of 7 (kilovolts) and 8 follows. 





B V (kv) 8 V (kv) 8 V (kv) 
01 .0255 .40 46.5 .90 661. 
02 .1022 ‚50 79.0 942 1000. 
05 639 548 100. 95 1085. 
.10 2.574 .60 1278 08 2045. 
.20 10.53 .80 340.4 


cr a aaa amaaa 
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X-rays, which are short wavelength (.06 — 102041) radiant energy, are, in 
general, generated whenever swiftly moving electrons are suddenly stopped by 
striking any material substance. The electrons may come from a cold cathode 
(gas-filled tube) and the current increased by ionization of the gas in the tube, 
or they may come from a hot cathode (Coolidge tube) in a tube of very low 
gas pressure. Soft and hard X-rays are terms applied to X-rays produced by 
low or high applied voltage respectively. 

Two types of X-rays are generated when the electrons hit the target —con- 
tinuous spectrum (over a limited wavelength) and the radiation that is charac- 
teristic of the material of which the anode is made. The continuous X-ray 
spectrum has a very definite short-wave limit that depends upon the voltage 
applied to the tube. Thus 

И оё = hv = hio 


If V, is given in volts, this wavelength A, will be in angstroms if the other 


units are properly chosen. 
12505 


Vo 


The characteristic spectra are designated K, L, M, N, O, etc., where these 
letters refer to the various electron shells (Table 658). 

X-rays, like any type of radiant energy, have two characteristics ; intensity 
(i.e., the rate of energy transfer), and wavelength. These two quantities are 
connected thus: the energy E = hv =: hc/d. 

This, of course, assumes monochromatic radiation or the energy for a nar- 
row wavelength interval, which is not always the case; all electrons do not hit 
the anode with the same energy nor do all materials react alike to electron 
bombardment. Some of the characteristics of X-rays and the reaction of 
X-rays to various materials are given in the following tables. 





TABLE 759.—X-RAY PRODUCTION ?* 


Quantity of X-rays emitted by a tungsten-target tube per kilowatt of energy in 
cathode-ray beam.* ' 





Roentgens (7) 


Power in total Effective per second at 
Operating X-rays from wavelength ] meter from 
tential focal spot (unfiltered) target 
ilovolts watts angstrom units (unfiltered) 
50 25 .56 1.2 
70 25 40 62 
100 5. .28 34 
200 10. .14 39 
500 25. 056 1.1 
1000 48. 028 21 
2000 95. .014 4.0 





236 Clark, George L., Applied X-rays, McGraw-Hill Book Company, Inc., 1940. Used by permission 
of the publishers. 
* Compiled by A. H. Compton. 


TABLE 760.—CRITICAL ABSORPTION WAVELENGTHS (A), K SERIES * 


2 МЕ . com 9.5112 Ба... ‚9182 TAW 17807 
1З АТ ,. ce 7.9470 40 АТИ... = ‚6874 МӘЙЕК а 1581 

ЈУ СТИВ 4.3938 42 Може... 61842 ЖТ o0 1534 

а СТ .. Я 2.0663 47 А... | .4852 82 Ta са ои 1410 

Сет а 1.7405 ое .3738 02 US сс и 1075 

ЕН x 1.3780 56 Bank р .3308 





* For reference, see footnote 236, above. 
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ТАВЦЕ 761.--НЕГАТІУЕ ІОМІ2АТІОМ PRODUCED IN VARIOUS GASES BY 
HETEROGENEOUS X-RAYS * 





Density Ionization relative to air — 1 
relative 
Gas or vapor tor ain =] Soft X-rays Hard X-rays 

ПОКОЕ. .07 .01 .18 
Carboni dioxide, СОг...................... 153 1.57 1.49 
Ethik hloride, СНСІ................... 2.24 18.0 17.3 
Сасфопигеггасһіогійе, СС-..............,, 5.35 67 71 
Nickel carbonyl, МІ(СО),................. 5.90 89 97 
Eim Опе, СУНЬВГ.................. 3.78 72 118 
Мени носе СН... 0.................. 4.96 145 125 
Mercury methyl, Hg(CR3);................ 7.93 425 ANT 


* For refcrence, see footnote 236, p. 692. 


TABLE 762.—WAVELENGTHS OF FLUORESCENT RADIATION EXCITED 
BY X-RAYS* 


Position 
Region of maximum 
Material 4 4 

ое И 3640-2400 2840 
Бішошераг апа шоп зраг............................... 3900-2310 2800 
$сһее!не (Са апребаес)............................... 4800-3750 4330 
JARS UNC se sumen wwe ra RR е. 5090—4120 4500 
Fapa Посаде сольно esos 4900-4120 4500 
Бар ашппосуаш Е os quere. t E 5090-4420 4800 
Оса чо QU MUT И 5090-4550 4800 
КОЛИ ПИ ИЗ ОСЕ a a Seer Rein n Sn 4400-3800 4100 
Пре .22.............................2.... 5090-3000 3750 


* For reference, see footnote 236, p. 692. 


TABLE 763.—THE ABSORPTION OF X-RAYS 


The absorption of X-rays by materials follows the same law as the absorption of 
radiant energy, i.e., 
Рт Хем 


where Io is the initial intensity and Z the intensity after a distance x, and џи the absorption 
coefficient. u/p is the mass absorption (p density) of the material. u/p is really the sum of 
two coefficients—7/p the true or fluorescent X-ray mass-absorption coefficient —and 2/р 
the mass-absorption due to scattering. For light elements o/p has a practically constant 
value of 0.17 independent of the wavelength for intermediate ranges. 

The following relations may be written 


и/р — т/р фајр= КУ + а/р 
The constants for this absorption equation for several materials follow: * 





Mo 42 Ag 47 Sn 50 W 74 Au 79 Pb 82 
Кк 375 545 595 1870 2230 2570 
Кі 50 70 90 330 395 476 
Кк/Кь 7.5 7.8 6.6 5.65 5.65 5.40 
г (10) 13.3 11.0 8.90 3.19 2:97 2.37 





* For reference, see footnote 236, p. 692. 


TABLE 764.—APPROXIMATE LEAD THICKNESS REQUIRED TO REDUCE 
RADIATION DOSAGE RATE TO 5 PERCENT OF USEFUL BEAM” 





КОКИ... 50 75 10 150 200 250 400 500 1000 2000 
Lead thickness, mm..... 7454 4 7 10 13 30 7 52 50 





237 National Bureau of Standards Handbook 41, Medical X-ray protection up to two million volts. 
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TABLE 765. —MASS-ABSORPTION COEFFICIENTS FOR A NUMBER OF 
MATERIALS FOR DIFFERENT WAVELENGTHS * 





Wavelength 

angstroms С А1 Си 5п 
010 061 .059 .056 .054 
.015 .073 .070 .067 .067 
.020 .081 .078 .076 .082 
.025 .088 .085 .085 .102 
.030 .097 .094 ‚097 ‚130 
040 108 ‚104 ‚120 ‚204 
050 117 113 150 32 
‚064 ‚130 2130 .198 .49 
1072 .136 .143 BE .614 
.098 .142 .156 325 1517 
.130 2182 186 .45 2.15 
‚175 163 ‚228 1.12 4.50 
‚200 175 .270 1.59 6.10 
.280 .188 .402 3.25 12.8 
417 .256 1.18 11.4 45.5 
497 215 1.90 18.9 11.8 
‚631 474 3.73 37.2 23.0 
‚710 ‚605 5:22 51.0 34.0 





* For reference, see footnote 236, p. 692. 


TABLE 766.—EXPONENTIAL FORMULAE FOR THE TOTAL MASS-ABSORP- 
TION VALUES, ,/p, FOR SEVERAL ELEMENTS * 





Absorber Х (А) u/p Absorber Х (4) р/р 
АТ ,...194 1445 <4? — .15 Мою 5 450X X? + 4 
1 t | to 7 о “+ ‚16 МЕО XAR 51.5 Х № + 1.0 
е. ДТО 8 Х ~ + .18 3 
66 Tuo EI le "A MR S 
Ni... d to.3 — 14554 X 20 Mui s TA 
Cu .... 1 to ‚6 147 X + .5 Pb а А. 510 X À ЕЕ 75 





* For reference, see footnote 236, p. 692. 


TABLE 766A.—X-RAY DOSAGE UNITS 


The international unit of quantity or dose of X-rays (and gamma-rays), one roentgen, 
r, is obtained from that X-ray (or gamma-ray) energy which, when the secondary electrons 
are fully utilized and secondary radiation from the walls of the chamber avoided, under 
standard conditions 0°C and 760 mmHg, produces in a cubic centimeter of atmospheric 
air such a degree of conductivity that thé quantity of electricity, measured at saturation, 
equals 1 esu. 


TABLE 767.—PROTECTIVE POWERS OF MATERIALS RELATIVE TO LEAD* 


А lead screen is very effective in protecting against X-rays. The data in the table show 
the thickness of lead is as effective as 1 mm of certain other materials that are in common 
use for protection against X-rays generated by a 100,000-volt Coolidge tube. 


[.еад р1аѕѕ ................ 12 to .20 ос. НИЕ 001 
Eeadarubber Ж... ЖШШЕ е 25 10.45 Barium sulfate plaster...... 0545.13 
Bricks and concrete........ .01 Stee eee та „15 


* For reference, see footnote 236, p. 692. 
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TABLE 768.—THE MINIMUM THICKNESS OF LEAD RECOMMENDED FOR 
PROTECTION FOR VARIOUS INTENSITIES OF X-RAYS 


X-rays generated X-rays generated 


by peak voltage Minimum equivalent by peak voltage Minimum equivalent 
not in excess of thickness of lead not in excess of thickness of lead 
(kilovolts) : millimeters (kilovolts) : millimeters 
75 1.0 225 5.0 

100 1.5 300 9,0 

125 2.0 400 15.0 

150 2.5 500 22.0 

175 3.0 600 34.0 

200 40 


The National Bureau of Standards Handbook 41 on X-ray protection gives as the per- 
missible dosage rate 0.3 r per week. On the basis of a 48-hour week of uniform exposure 
the permissible dosage rate is 0.00625 r per hr (6.25 mr per hr). 

This booklet also gives safety rules for operating X-ray equipment and the thickness of 
lead or concrete necessary for protection against X-ray tubes operated at various intensities. 


TABLE 769.—DISTANCE PROTECTION * 


Distance f for various applied voltages (kilovolts) 


Target 
current 50 75 100 150 200 250 400 500 1000 2000 
ma feet 
АИ 15 20 20 25 25 25 25 30 90 195 
ШЕ ша 40 50 60 60 65 70 70 75 220 400 
К а 85 [15 145 145 165 170 170 200 460 850 
Ж 120 185 235 245 270 285 295 340 690 S 
О... 160 250 330 350 390 420 rum in I 
ПО... 195 300 390 420 480 510 





* For reference, see footnote 237, p. 693. 

t These distances were computed by taking into account distance and air absorption. The air absorp- 
tion was determined hy assuming thc radiation was monochromatic and of double the minimum wavelength 
of the polychromatic radiation given off by the tube at the indicated potential. 


TABLE 770.—PRIMARY PROTECTIVE-BARRIER REQUIREMENTS FOR 10 
MILLIAMPERES AT THE PULSATING POTENTIALS * 
AND DISTANCES INDICATED} 





Lead thickness with peak Lead thickness with peak 
kilovolts of— kilovolts of— 
Target -------------------- Target 
distance 75 100 150 200 250 distance 75 100 150. 200 250 
ft mm ft mm 

СІП) 22 34 43 67 118 20( 61 m) 10 17 24 36 64 
з (152 п) D; 36 55 776 50 (15.2 m) 8.11 17 24 43 
10 ( 3.05 т) 197722 30 45 81 





* Direct-current potentials require the order of 10 percent greater thickness than those given here for 
pulsating potential. 
For reference, see footnote 237, p. 693. 


TABLE 771.—PRIMARY PROTECTIVE-BARRIER REQUIREMENTS FOR 
400-KILOVOLTS PEAK PULSATING POTENTIAL 
WITH REFLECTION TARGET * 





Lead thickness with target Lead thickness with target 
current of— current of— 
Target — Target 
distance 1 та 3 та 5 та distance 1 та 3 та 5 та 
ft mm ft mm 
5( 1.52 т) 16.5 20 22 СООЛ т) 9.5 ШЕ 13.0 
10 ( 3.05 m) 12.5 15.5 17.0 50 (15.2 m) 55 8.0 90 


NEGO  — —  — | | ll o. еее аа ее 
* For reference, see footnote 237, p. 693. 
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TABLE 772.—PRIMARY PROTECTIVE-BARRIER REQUIREMENTS FOR 
1000-KILOVOLT CONSTANT POTENTIAL WITH 
TRANSMISSION TARGET * 


Target 
distance 
ft 


5 ( 1.52 m) 
10 ( 3.05 m) 
20 ( 61 т) 

100 (30.5 т) 


Lead 
mm in. 


123 
107 


53 15.0 


Barrier thicknesses with target current of— 


1 та 


Concrete t 


30.5 
27.0 
23.0 


* For reference, see footnote 237, p. 693. 
T These concrete thicknesses are for a concrete density of 147 pounds per cubic foot. 


2 та 
Lead Concrete 
mm in. 
131 32.5 
115 28.5 
99 25.0 


61 17.0 


3 та 
Lead Concrete 
mm in. 
136 33.5 
120 29.5 
103 26.0 
66 18.0 


TABLE 773.—FILTERS FOR OBTAINING MONOCHROMATIC X-RAYS * 


Lowest 
approximate 
voltage for À for 
K series “а Thickness, 

Target kilovolts doublet Filter millimeters g/cm? 
Chromium 6 2.287 Vanadium .0084 .0048 
Iron 7 1.935 Manganese .0075 .0055 
Copper 9 1.539 Nickel .0085 .0076 
Molybdenum 20 10 Zirconium .037 .024 
Silver 25 .560 Palladium .03 .036 


* For reference, see footnote 236, p. 692. 


TABLE 774.—CRITICAL ABSORPTION WAVELENGTHS (A), L SERIES * 


Li Lu Lin Li Lu Lin 
Element (Li) (Ел) (Le) Element (Lu) (Ел) (Lo) 
47 Ag ..... 3.2474 3.5067 3.6908 РЕ. .8921 .9321 1.0709 
SOs М us 2.3839 2.5475 2.7139 BSZSDDESS ./806 .8136 .9500 
ОВ... 2.0620 2.1993 2.3568 92 ES 2 5687 .5920 ‚7216 
TA rs 1.0205 1.0713 1.2116 


* For reference, see footnote 236, p. 692. 


TABLE 775.—CRITICAL ABSORPTION WAVELENGTHS (A), M SERIES * 


Element М, Ми Min Mi, M, Element Mi My Мц Mi, M, 
W .... 438 483 5.45 6.62 6.85 Th ... 2336 25/1 3.058 3.552 3721 


Ві .... 3.100 3.342 3.889 4.574 4.763 U . 2208 238572873 33200571 


* For reference, see footnote 236, p. 692. 
TABLE 776.—CHARACTERISTIC EMISSION WAVELENGTHS (A). K SERIES * 


Element 


У (82) £i B» 


а az 
PASE T eem 2.0667 ' (8s) 2.0806 2454: 2.28503 2.28891 
РОНЕ а оса 1.74080 (85) 1.753013 1.75646 1.932076 1.936012 
О 5222222. 1.48561 1.49705 UE 1.65450 1.65835 
a E 1.37824 1.38935 E 1.53739 1.54123 
42 Mo sieut 619698 .630978 .631543 .707831 .712105 
Чо ВВ... 53396 .54449 .54509 .61202 61637 
ҒАР 722: 486030 496009 „49665 ‚55828 „56267 
AIW Е. .17899 t .18397 .18477 .20860 .21341 
ДЕРТ ЕҚ 15887 ‚16370 ТТ .18523 ‚19004 





* For reference, see footnote 236, p. 692. 
t ô = 0.17803, 52 = 0.17917 (Duane, 1933). 
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TABLE 777.—WAVELENGTHS ІМ ANGSTROMS OF K-SERIES LINES REPRE- 
SENTING TRANSITIONS IN THE ORDINARY X-RAY ENERGY LEVEL 
DIAGRAM * ALLOWED BY THE SELECTION PRINCIPLES * 


Siegbahn К аз Ка, KB КВ, K Be 
mmerfel Ка Ка К Вз К В Ky 
ye КІ; K-Lig К-М п КМ; K-LuNga, 

4 Be 1157 

5 B 67.71 

°С 44.54 

7N 31.557 

8 O 23.567 

9 F 18.275 

11 Ма 11.885 11.594 

12 Mg 9.869 9.539 

13 А] 8.3205 7.965 

14 51 7.11106 6.7545 

15 P 6.1425 5.7921 

16 S 5.3637 5.3613 5.0211 

17 CI 4.7212 4.7182 4.3942 

19 K 3.73707 3.73368 3.4468 

20 Ca 3.35495 3.35169 3.0834 

21 Sc 3.02840 3.02503 2.7739 

22 Ti 2.74681 2.74317 2.5090 

23 V 2.50213 2.49835 2.2797 

24 Cr 2.28891 2.28503 2.0806 

25 Mn 2.10149 2.09751 1.90620 

26 Fe 1.936012 1.932076 1.753013 

27 Co 1.78919 1.78529 1.61744 

28 Ni 1.65835 1.65450 1.47905 1.48561 
29 Cu 1.541232 1.537395 1.38935 1.37824 
30 Zn 1.43603 1.43217 1.29255 1.28107 
31 Ga 1.34087 1.33715 1.20520 1.1938 
32 Ge 1.25521 1.25130 1.12671 1.11459 
33 As 1.17743 1.17344 1.05510 1.04281 
34 Se 1.10652 1.10248 99013 .97791 
35 Br 1.04166 1.03759 .93087 .91853 
36 Kr .9821 .9781 .8767 ‚8643 
37 БЬ 92776 92364 ‚82749 ‚82696 ‚81476 
38 Sr .87761 .87345 ./8183 ./8130 6921 
39 Y 83132 .82712 .73972 .73919 ‚72713 
40 7г ./8851 ‚78430 ‚70083 ‚70028 „68850 
41 МЬ 24889 .74465 .66496 .66438 .65280 
42 Мо .712105 .707831 ‚631543 ‚630978 ‚619698 
43 Тс ‚675 ‚672 ‚601 

44 Ец ‚64606 64174 57193 УАК .56051 
45 Rh .61637 .61202 .54509 .54449 .53396 
46 Ра .58863 .58427 .52009 .51947 .50918 
47 Ар .56267 55828 „49665 49601 ‚48603 
48 Са .53832 53390 47471 47408 46420 
49 Іп „51548 51106 45423 45358 44408 
50 5п ‚49402 48957 ‚43495 43430 42499 
51 Sb .47387 46931 .41623 40710 
52 Te .4549] 45037 .39926 39037 
53 1 43703 43249 .38292 .38315 37471 
54 Хе 417 .360 

5526s ‚40411 39959 35436 35360 34516 
56 Ba 38899 „38443 ‚34089 ‚34022 33225 
БИ Ма .37466 .37004 .32809 .32726 .31966 
58 Се .36110 .35647 31572 31501 .30770 
59 Рг .34805 .34340 .30439 .30360 .29625 
60 Nd .33595 33125 .29351 ‚29275 .28573 
62 5т ‚31302 .30833 .27325 27250 26575 
63 Еп ‚30265 ‚29790 .26386 ‚26307 25645 


* This criterion cannot be strictly applied to the К а line from 4 Be to 9 F, пог {о {ће К 8, line from 
11 Na to 29 Cu as reported in this table. | р 

288 Compton, A. H., and Allison, S. K., X-rays in theory and experiment, D. Van Nostrand (Co. inc; 
New York, 1935. Courtesy of the publishers. 


(continued) 
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TABLE 777.—WAVELENGTHS IN ANGSTROMS OF K-SERIES LINES REPRE- 


SENTING TRANSITIONS IN THE ORDINARY X-RAY ENERGY LEVEL 
DIAGRAM ALLOWED BY THE SELECTION PRINCIPLES 


(concluded) 


Siegbahn Ка; Ка КВ К В, К В, 
Еа. Ка Ка К Ва КВ 
мя КІ K-Lyyy К-М и K-Miy ES 
64 Gd ‚29261 ‚28782 ‚25471 ‚25394 24762 
65 ТЬ ‚28286 ‚27820 .24629 ‚24551 23912 
66 Dy 27308 .26903 .23787 ‚23710 23128 
67 Но 26499 ‚26030 as E. |. 
68 Ег .25664 ‚25197 ‚22300 20215 21671 
69 Тт .24861 ‚24387 ‚21558 ‚21487 SE. 
70 Yb .24098 .23628 .20916 .20834 20322 
71 Lu .23358 2282 .20252 .20171 19649 
72 Ht ‚22653 ‚22173 ‚19583 19515 19042 
73 Та ‚21973 ‚21488 ‚18991 18452 
74 W 21397 .20856 .18475 .18397 .17906 
76 Оз .20131 .19645 .17361 16875 
77 At .19550 .19065 .16850 16376 
78 Pt ‚19004 ‚18223 ‚16370 15887 
79 Au ‚18483 ‚17996 ‚15902 15426 
81 ТІ .17466 .16980 .15011 14539 
82 Pb .17004 .16516 .14606 14125 
83 Bi .16525 .16041 .14205 13621 
92 U .13095 .12640 ‚11187 10842 
TABLE 778.—WAVELENGTHS, TUNGSTEN L SERIES * 
"Үй Las = Oz 1.02647 Вт La S Ма, 44 1.2208 
Yo Lu — Ма 1.0439 Baa, 12 .... 1.2354 
"Үз Lu == М» 1.05965 Ва Da == Na, 33 1.24191 
"Үз Lu = Na 1.06584 Bs Г. => Ма 1.26000 
"Ye Ln = Оз 1.0720 В: La = Mn 1.27917 
Ys La m Ou 1.079 Be Laz = Na 1.2871 
Yı La == UNS 1.09553 В. Lau = Ma 1.29874 
Ys La — Ма 1.1292 Ви Lu — Ма 1.3344 
Во „Лл 1.2021 7] La — Mu 1.4177 
Bs La = Mss 1.2034 Q4 La c Mia 1.47348 
Bio .... 1.2094 a2 La = Мз 1.48452 
Bs La — Оз, зз 1.2125 l 1» — Mi 1.67505 


* For reference, see footnote 236, p. 692. 


TABLE 779.—TYPICAL SAFE RATINGS OF DIAGNOSTIC X-RAY TUBES 


General Electric Company Benson-type X-ray tube Westinghouse Corporation WL-355 tube 


Self- Self- 
Effective Full wave Half wave rectified Effective Full wave Half wave _ rectified 
focal area kv* ma kv* ma kv* ma focal area у та Ку та Кү та 
Stationary target: 1 second Stationary target: 1 second 
1.5 mm?’ 110 20 110 15 Em i 1.5 mm? 2770 2025 1520 
3.7 110 60 95 50 NE um 2.1 4830 3410 2570 
52 90 150 100 100 78 100 2.6 6500 4730 3400 
1/60 second 3.0 7680 5915 4150 
52 72 500 E m. 4.2 11900 9650 6870 
104 350 1/60 second 
1 second 4.2 25000 Sm 


Rotating target: 
80 T 
1/60 second 
80 540 "m 
* Peak kilovolts. 
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TABLE 780.—WAVELENGTHS OF THE MORE PROMINENT L-GROUP LINES 
IN ANGSTROMS * 





сай E zu а д. : " 
ommerfe a 
"union LiyMyy LiyMy LipMy, LiyM, Le Mi 
16 S ae 83.75 
20 Ca 36.27 40.90 
21 Sc 31.37 357] 
22 Ti 27.37 31.33 
23 V 24.31 s 27.70 ко. 
24 Сг 21.53 21.19 23.84 23.28 
25 Мп 19.40 19.04 22.34 ee 
26 Fe 17:57 17:23 20.09 1976 
209 15.93 15.63 18.25 17.86 
28 Ni 14.53 14.25 16.66 16.28 
29 Си 13.306 13.027 15.26 14.87 
30 Zn 12.229 11.960 13.97 13.61 
31 Ga 11.27 11.01 12.89 12.56 
32 Се 10.415 10.153 11.922 11.587 
33 Ав 9,652 9.395 11.048 10.711 
34 Se 8.972 8.718 10.272 0,939 
35 BT 8.358 8.109 9.564 9.235 
37 Rb 7.3027 Т P Е 
38 Sr 6.8486 6.610 7.822 7.506 
39 Y 6.4357 6.2039 E 7.0310 
B» Yı 
У б 
у у 
40 7г 6.057 5.8236 5.5742 5.3738 
41 Nb 5.718 5.7120 5.4803 5.2260 5.0248 
42 Mo 5.401 5.3950 5.1665 4.9100 M 
44 Ru 4.8437 4.8357 4.6110 4.3619 4.1728 
45 Rh 4.5956 4.5878 4.3640 4.1221 3.9357 
46 Pd 4.3666 4.3585 4.1373 3.9007 3.7164 
47 Ag 4.1538 4.1456 3.9266 3.6938 3.5149 
48 Cd 3.9554 3.9478 3.7301 3.5064 3.3280 
49 In 3.7724 3.7637 3.5478 3.3312 3.1553 
50 5п 3.60151 3.59257 3.3779 3.16861 2.99494 
51 Sb 3.4408 3.4318 3.2184 3.0166 2.8451 
52 Те 3.2910 3.2820 3.0700 2.8761 2.7065 
53 1 3.1509 3.1417 2.9309 2.7461 2.5775 
55 С$ 2.8956 2.8861 2.6778 2.5064 2.3425 
56 Ва 2.7790 2.7696 2.5628 2.3993 2.2366 
ву Ба 2.6689 2.6597 2.4533 2.2980 21527 
58 Ce 2:565] 2.5560 2 3510 2,2041 2.0443 
59 Pr 2.4676 2.4577 2.2539 2.1148 1.9568 
60 Nd 2.3756 2.3653 2.1622 2.0314 1.8738 
62 5т 2.2057 2.1950 1.9936 1.8781 1.7231 
63 Eu 21273 2.1163 1.9163 1.8082 1.6543 
64 Gd 2.0526 2.0419 1.8425 1.7419 1.5886 
65 ТЬ 1.9823 1.9715 1.7727 1.6790 1.5266 
66 Dy 1.9156 1.9046 1.7066 1.6198 1.4697 
67 Ho 1.8521 1.8410 1.6435 1.5637 1.4142 
68 Er 1.79202 1.78068 1.58409 1.51094 1.3611 
69 Тт 1.7339 1.7228 1.5268 1.4602 1.3127 
70 ҮҺ 1.67942 1.66844 1.4725 1.41261 1.26512 
71 Lu 1.6270 1.61617 1.42067 1.36731 1.21974 
Ба ЕМ 1.57704 1.56607 1.3711 1.3235 1.1765 
13 Та 1.52978 1.51885 1.32423 1.28190 1.13558 
74 ХУ 1.48438 1.47336 1.27917 1.24203 1.09630 
75 Ке 1.4410 1.42997 1.23603 1.2041 1.0587 
76 Os 1.39866 1.38859 1.19490 1.16884 1.02296 
77 Ir 1.3598 1.34847 1.15540 1.13297 ‚98876 
78 Pt 1222155 1.31033 1.11758 1.09974 .95599 
79 Au 1.28502 1.27377 1.08128 1.06801 .92461 


* For reference, see footnote 238, p. 697. 
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TABLE 780.—WAVELENGTHS OF THE MORE PROMINENT L-GROUP LINES 
IN ANGSTROMS (concluded) 


сар. aa а fı Bs y 

Г поп ГМ Гар Му Іле Мұ LiyNy у 
80 Нр 1.24951 1.23863 1.04652 1.03770 ‚8946 
81 ТІ 1.21626 1.20493 1.01299 1.00822 ‚86571 
82 РЬ 1.18408 1.17258 ‚98083 ‚98083 ‚83801 
83 Br 1.15301 1.14150 ‚95002 ‚95324 ‚81143 
90 Th .96585 .95405 .76356 .79192 ‚65176 
91 Ра (9427 ‚9309 ‚7407 4721 .6325 
92 U .92062 .90874 ‚71851 ‚75307 61359 





TABLE 781.—WAVELENGTHS OF M-SERIES LINES IN ANGSTROMS FROM 
73 Та ТО92 0% 


Transition 73 Ta 74 W 7S Re 76 Os 77 Ir 78 Pt 79 Ай 81 ТІ 82 Pb 83 Bi 90 Th 927 
MuOw Ee " X 29 EDEN e o LEER 2-440 
MiNin Dos DROS .... .... 4.451 4.291 4.005 3.864 3.732 2.938 2.745 
MuNiv 5.558 5.342 4.944 4.770 4.590 4.424 4.110 3.964 3.829 3.006 2.813 
МапО+ "A .... 4.859 4.682 4.514 4.207 4.063 3.926 3.124 2.941 
MinO1 5.620 bees case cecal... 4.235 4.096 E Ш 
MuNi t 2... BA 
y 22-2. aces Gul cece 0... .... 1800 4.650 4.506 0616 3.463 
MinNv 6.299 6.076 5.875 5.670 5.490 5.309 5.135 4.815 4.665 4.522 3.672 3.473 
MinNw 6.340 6.121 5.919 5.712 5.529 5.346 5.175 4.855 4.705 4.560 3.710 3.514 
MyOn 7083 60944... ..... woss rm 2.2. 4813 АСТ! 
В 6.984 6.18 .... 6.233 6.009 5.796 5.595 5220 5.045 4.881 3.924 3.698 
Му Мт 7.008 6.743 6.491 6.254 6.025 5.8168 5.612 5.239 5.065 4.899 3.934 3.708 
МуОш |" aM У ИО 

а” 7.201 6.932 .... 6440 6.215 5.997 5.794 5.416 5.239 

a 7.219 6.948 .... 6.459 6.231 6.011 5.811 5.433 5.256 5.087 4.112 3.886 
MvN vn 7.237 6.969 6.715 6.477 6.249 6.034 5.828 5.450 5.274 5.108 4.130 3.902 
MvNwvi бе. 222.11. 6.262 6.045 15.842 5.461 5.288 5.119 4.143 3.916 
MinNi 7.596 7.346  .... 6.653 6.442 6.241 5.870 5.694 5.526 4.554 4.322 
MivNm .... 8.559 8.222 .... 7.629 7.356 7.086 .... 6.371 6.149 4.901 4.615 
МуМи 9.297 8943 8612 8293 8.002 7.722 7.451 6.960 6.726 6.508 5.229 4.937 
MwNu 9311 8.977 8.646 8.344 8048 7.774 7.507 7.017 6.788 6.571 5.329 5.040 


* E. Lindberg, Dissertation, Uppsala (1931). In addition to the values listed here, measurements have been 
made in the range from Ce 58 to 72 Hf. The wavelengths may be found in the dissertation, or in Siegbahn, 
Spektroskopie der Róntgenstrahlen (1931). For reference, see footnote 238, p. 697. 


TABLE 782.—X-RAY TERMS FOR VARIOUS ELEMENTS * 


v/ R values ; у іп ст, К = 109,737 ст“ 





Term 13 Al 20 Ca 29 Cu 42 Mo 47 Ag 74 W 92 U 
K 10.71 297.4 661.6 1473.4 1880.9 5120.7 8474 
Li gaa Жа 81.0 211.3 282.7 890.8 1602.6 
Li 2.30 25.8 70.3 193.7 260.9 849.9 1542.7 
Liu 2.30 25.5 68.9 186.0 248.6 7513 1264.2 
Mi ieee A 8.9 37.5 54.4 207.3 408.5 
Ми 63 1.9 5.7 30.5 46.7 189.3 381.5 
Min ‚63 1.9 57 29.2 44.4 167.5 316.8 
Mwy NES A 4 17.3 29.2 137.5 274.2 
My 4 E 17.1 28.8 132.9 261.2 
Ni S ES m 5.1 8.7 43.3 106.0 
Nu 2 > 2.9 6.5 36.0 93.5 
Ми 2.9 6.5 31.0 76.6 
Мт ee 1.1 18.7 57.5 
Y .4 2.0 17.6 54.3 
Ми E. IW 2.3 28.5 
Мц 2.0 27.6 
1 5.4 23.7 
Оп 2.9 18.3 
Ош 2.9 13.9 
Оу Ох 2324 7.0 
PuPin ‚8 





* For reference, see footnote 238, p. 697. 
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Artificial disintegration is generally considered in two parts: the first when 
the bombarded atom suffers a change not greater than the loss (or gain) of an 
alpha particle, and the second when the change in the bombarded atom is much 
greater—the bombarded atom being at times split into two nearly equal parts. 
This latter is called fission: the former, artificial disintegration. Fission was at 
first brought about by bombardment with neutrons but it can be caused by 
bombardment by almost any particle with the proper energy (see Table 726). 
This effect can be produced in a number of isotopes of the heavier atoms such 
as Np, U, Pa, Th, Pb, Sn, Eu, and Ni. Some other atoms such as Bi, Rb, TI, 
Hg, Au, Pt, W, and many others show no fission; at least if such an effect 
exists it is less than 1/1000 that of Th. There are a great many products of 
fission as shown by a paper by scientists of the Plutonium Ргојесі.2*° Опе 
example of fission is 


әз 235 от —> доб“! + за Ге??? + on? + on? 


There is a considerable release of energy when fission takes place. Complete 
data are not available but such as are available give values of about 200 Mev 
per fission per atom of the heavier elements. (See Table 790.) It is also to 
be noted that there are two neutrons given as a result of the above reaction ; 
thus, it is self-sustaining. 


?? Journ. Amer. Chem. Soc., vol. 68, p. 2411, 1946. 


TABLE 785.—FISSION DATA * 


Target substance 9907225 a3 Р 229 зо ГҺ282 99 U ?38 о1Ра?31 020 283 
Compound Посев... ш su о ЕАУ“ gU’? aka” gU 
Threshold energy for fast neutron fis- 

Со Ме я 0 0 1051" 1156 М 0 
Energy released per fission, in Mev... 200 
Energy of fission neutrons, in Mev... «3.5 
(Ave^ 1) 
Average number of neutrons released 
Е о 2 Estimated to be same as for о 08 
(2 to 3.5) 
Average number of neutrons released 
per thermal neutron absorbed, 7.... 1.4 


* For reference, see footnote 226, p. 667. 


TABLE 786.—FISSION THRESHOLDS * 


з, p з, ж 
28 Ж od 58 S 25 
3E ШЕ I епегру 25 Wo ES Threshold energy 25 "о 

о ог ^ 
© S exciting fission 5 n" £ 5 © E exciting fission о x E E 

Plu m Mev У Sine uU 5.08=.15 Меу V EE 

90 Я Ше n 90 ћ өзі) 1.0 ШЕ n 92 

ов p З n „Ра“, S p^ = 5 slow n Ны р" 

а % Th Р 

„Ра 5% тне "мро 26 Эг 

zu Ss n ss AES 5.31.27 “Ү мри 

„ө о y О" ни <0 slown _ мРи 

e; U «0 slow n 221.) 145 





* Revised by J. L. Rhodes, University of Pennsylvania. For reference, see footnote 226, p. 667. 
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TABLE 787,——ESTIMATED VALUES OF THE NEUTRON BINDING ENERGY 
OF THE DIVIDING NUCLEUS * 





Compound . Neutron Compound Neutron 
nucleus binding energy nucleus binding energy 
EU hs 6.2 Mev eis 52 Mev 
пи y ee 6. 
пі а . 92 5.1 
„Ра“ 5.4 Мр“ ~6.3 
eU 6.5 ox N р —5.3 
eU, 5.4 s Pu —5.4 
ПЕЙ 6.4 “Ра “ ~6.4 





* For reference, see footnote 226, p. 667. 


TABLE 788.—THE CRITICAL ENERGY FOR FISSION * 


The experimental values of the critical energy for fission of a number of isotopes have 
been determined by Koch, McElhinney, and Gasteiger *' who give the following photo- 
‘fission threshold energies. (The work of Shoupp and Hill?" on the fast neutron fission 
energies for Th^? and U?* was used for the values given for Th"? and U*?*.) 


Compound Compound Compound 

nucleus Ec nucleus Ec nucleus Ec 

othe Si ҢЕС 2 2 Меу > Sears ERI 25 Mev 207? Ae 6. 1 Меу 
“ТЕ” . 6. 3 sc m SOES abu" 5.3 195027 
ЛШЕУ ОА 


* Prepared by J. L. Rhodes, University of Pennsylvania. 
241 Phys. Rev., vol. 77, p. 329, 1950. 
212 Phys. Rev., vol. 75, p. 785, 1949. 


TABLE 789.——HALF-LIVES FOR SPONTANEOUS FISSION ?9 


These half-lives are calculated on the basis of a half-life of 10° years for 02 


Element Element 

2 4 Half-life 2 A Half-life 

uU SAT... 1015 years lie ee 8.0 10"? years 
бо ОЈ о 1.4x 10" ви... пахо" 
wNp MM ox I0 ИРИ у... Вох” 
«Pu M 6.8x:10'* e Am? .... 6.6x10" 
„Ри m. 772010" eme c. 14x10? 





243 Төгпег, Rev. Mod. Phys., vol. 17, p. 292, 1945. 


TABLE 790,—THE ENERGY RELEASED BY FISSION ON DIVISION OF SOME 
ATOMS INTO EQUAL PARTS * 





Energy released 


Energy released in subsequent 
Original Two products on division beta decay 
ae as wo —11 Меу 2 Меу 
soon’? zn 10 12 
cp $e ii 94 13 
в РЬ? рУ 120 32 
NC «Раз 12 200 31 





* For reference, see footnote 226, p. 667. 
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708 TABLE 791.—FISSION PRODUCTS OF LONG HALF-LIFE * 


5; ae © ББ p æ 

5 Qe п = 3 Я ЕЕ с 8 

2 И E.S E.E юр = 5 ЕЕ Е.Н Б 

35 ы ЖБ 48 fe 58 5 4: Ді 55 

а” ш 2° д*° д а” a: = > = E 
«Кт 9.4 yr .74 попе .24 об 93 hr 12 72 T 
a Rb” 19 d 1.82 1.08 .00016 Те!" 90 а IS 5 033 
aSr? 55 d 1.5 попе 4.6 s2 Te!” 32а Da б .19 
aSr” 25 yr 65 none ~5 s; 1e? 77 hr .28 22 3.6 
то 62 ћг 2.35 попе se 8 d ‚687 37 2.8 
nu 61 d 1.6 none 5.9 HACE 7520 .35 085 6 
ол 65 4 1.0 ‚92 6.4 ssCS 13 d .28 12 008 
a Nb” 35 d 15 77 R ssCs'? 37 уг .8 75 ~б 
МЫ 90 hr LT. „бад Г вВа“° 12.8 4 1.05 .53 6.1 
«Мо” 67 hr 1.5 іс 6.2 «Сен! 30 а 6 2 5.7 
„Кп 41d ‚67 55 227 сей 2754 .35 попе 5.3 
„кп 1.0 уг ~.03 попе ‚5 s Pri 13:9 d 10 none 6 
s Ag! 75d 10 none .018 «Ма 11 d .90 .58 2.6 
„Са! 43 4 1.7 n .0008 a Pm? 37 уг .23 none 2:6 
sea: 43 d I 5 .0008 abu 2 yr 2 084 03 
son 130d 1.3 .39 oe eeu” 154d 2.4 2.0 013 
5156135 24 yr 6 02 


* Revised by J. L. Rhodes, University of Pennsylvania. For reference, see footnote 226, p. 667. 


TABLE 792. —CROSS SECTIONS OF FISSIONABLE NUCLEI FOR NEUTRONS 
(IN UNITS OF 107 cm?) * 


Cross section for energy ranges 
Target 


substance Process Thermal Resonance Fast f 
aa U 75 fission 4202-100 30 24 
scattering 17 17 6 
os U7 fission 0 0 25 
scattering 17 17 6 
absorption 3 5000: 0 
(resonance) 
Ordinary uranium fission 3 (ave) 2 (ауе) 59 
scattering 17 17 6 
absorption 3 5000 t 0 
2 (resonance) 
Dur d me Vassumed зате аз {ог » 0? 
so T h??? fission 0 0 | 
scattering 17 17 6 
absorption 8.3 Е ЕТ 
„Ра fission 0 0 3 
scattering 17 17 6 
so T h^» fission 0 0 3 
scattering 17 17 6 





* For reference, see footnote 226, p. 667. 

t Most of the scattering of fast neutrons is inelastic scattering, resulting in large energy losses (as 
much as 90 percent). 1 The resonance peak for U?38 occurs at approximately 5 ev and is taken to 
have an effective width of 0.16. 
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TABLE 793.—CROSS SECTIONS OF SOME FISSION PRODUCTS FOR 
THERMAL NEUTRONS * 


———— — ——————— - ———MM————MM  ——— M a — 
Isotope (in units of 10-1? cm?) 


"Average nucleus" m 
Relative 
Atomic Absorption Total Mass Absorption natural 
number Element ба ct number ба ађипдапсе 
35 Вг 7 9.5 79 12 50.6 
81 225 49.4 
36 Кт ‚1 27 78 27 ‚34 
84 .16 57.0 
86 061 17.4 
27 КЬ T ]2 85 ‚724 72.8 
87 .135 272 
38 Sr 1:5 11 86 1.3 9,8 
88 ‚005 82.56 
39 ү 1] AE 89 1.1 100 
40 Zr .4 15 90 „12 515 
91 1.54 112 
92 27 17.1 
94 253 17.4 
96 1.07 2.8 
41 Nb 1.0 6.9 93 1.0 100 
42 Mo 3.9 7.9 95 13 15.7 
97 2.3 9.5 
98 227 24.1 
100 23 9,25 
51 Sb 4.7 9 121 6.8 56 
123 25 44 
52 Te 5 10 126 ‚88 18.7 
128 2 31.86 
130 22 34.52 
53 I 6.1 9.4 127 6.1 100 
54 Xe б 35 132 2 26.9 
136 „15 8.9 
56 Ва 125 9.25 138 ‚56 71.66 
57 Га 9 25 139 9 99,9 
62 Sm 8000 UM 149 53,000 155 
63 Еџ 2500 4500 151 5200 49.1 
153 240 50.9 
64 Gd 38,000 v 155 50,000 14.8 
157 180,000 15.7 


* Revised by J. L. Rhodes, University of Pennsylvania. For reference, see footnote 226, p. 667. 
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Cosmic rays are an ionizing radiation that has been discovered in the atmos- 
phere of the earth. As generally discussed these rays are divided into primary 
and secondary cosmic rays, the primary rays being the high-energy particles 
that fall upon the outer atmosphere of the earth. In general, the intensity of 
cosmic radiation is given as the number of rays per cm? per second. The in- 
tensity (i.e., number of particles per cm?) increases for about the first one- 
tenth of the atmosphere where it is about 5 times the initial intensity and from 
there down to sea level the intensity decreases. These primary rays appear to 
come from all directions from outer space and to consist almost entirely, if 
not altogether, of particles charged positively ?*? (1.e., protons, alpha-particles, 
and probably other nuclei). Several theories have been advanced for the origin 
of this primary radiation: (1) Annihilation of matter; (2) speeding up of 
stripped atoms in outer space either by electrical fields or by changing magnetic 
fields ; (3) from some activity in stars in distant space; or even (4) that it is 
radiation remaining from the original explosion some 10?— 10!? years ago 
when the present known universe was started. These assumptions are based 
upon the theory that this radiation comes from the cosmos or outer space. 
Some ?*? present arguments for the sun as the source of the cosmic rays and 
argue that the magnetic field of the sun traps at least a part of the radiation 
from the sun, which give the results as now found on the earth. There are 
seemingly very great difficulties to explain away in establishing any one of 
these theories. 

Owing to the effect of the earth's magnetic field there is less of this energy 
that reaches even the outer atmosphere at or near the magnetic equator than in 
higher latitudes, the lower-energy particles being screened off by the strong 
magnetic fields of the earth near the magnetic equator. The energy of the 
cosmic-ray particles that strike the upper atmosphere extends from about 10? 
{© 10:7 ev, or even higher, with a maximum number for about 6x 10? ev. The 
average energy of all particles entering the atmosphere at the equator 1s about 
3x 10!? ev and for geomagnetic latitudes above about 40 the average 1s about 
6x 10? ev. 

In Tables 794 and 797 are given some data on the primary radiation reaching 
the outer atmosphere for different geomagnetic latitades. 


7 Rev. Mod. Phys., vol. 21, p. 1, 1949; Stranathan, The "particle" of modern physics, 
D. Blakiston Co. ; Montgomery, D. J. X., Cosmic ray physics, Princeton University Press; 
Johnson, T. R., Rev. Mod. Phys., vol. 10, p. 193, 1938; Swann, W. F. G., Reports on prog- 
ress in physics, vol. 10, p. 1, 1946, 

“s Korff, Physics Today, vol. 3, p. 9, 1950. 

“e Teller, Edward, Physics Today, vol. 2, p. 6, 1949. 


TABLE 794.—PROBABLE CHARACTERISTICS OF COSMIC RAYS FALLING 
UPON THE TOP OF THE ATMOSPHERE AT VARIOUS 
MAGNETIC LATITUDES 


All energies are given in electron volts. 


Geomagnetic latitude 
39 399 529 


Energy falling per sec un each cm? of the atmosphere.. 110° 11710 и 
Total number of ions formed per sec below each cm? 


of the upper surface of the atmosphere............. S I 5.4 10’ 7.4 X10 
Low energy limit of oncoming particles imposed by the 

earths magnetic feld ан шш 15510 8X 10° 2X10? 
Average energy per particle striking the atmosphere.. 3X10" 1.6 10" .88X 10"° 
Probable number of particles striking each cm? of outer 

surface of the atmosphere рег пип................. 1.9 65 21.8 
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TABLE 795.—SECONDARY COSMIC RAYS 711 


The secondary cosmic rays, which are due to the ionization and other actions of the high- 
energy particles of the primary cosmic rays, have been studied by various methods for 
various positions with respect to the geomagnetic latitude on the earth's surface and for 
different elevations up to such heights that only about 0.5 percent of the atmosphere, by 
weight, is above the measuring instrument. The secondary rays consist of all sorts of 
particles such as electrons, both positive and negative; protons, and other heavy particles; 
Sens: neutrons, traveling with various speeds, and radiant energy of very short wave- 
ength. 

At the surface of the earth (sea level) the cosmic rays are of such intensity that they 
produce 1.63 ion pair cm" sec". The intensity is about constant, within a very few per- 
cent, for geomagnetic latitudes higher than above 40 and from this point to the equator 
the intensity drop-off is about 9 percent. 

The ionization increases with altitude up to about 16,000 m for geomagnetic latitudes 
740, where it is about 150-200 times as large as at sea level. Above this altitude the in- 
tensity of ionization drops off until, at an elevation where the amount of the atmosphere 
above the measuring instrument :5 only about 0.5 percent (35,300 m), the intensity is about 
0.2 percent of that at the maximum, or about the same as that observed at 0.4 atmosphere 
above the earth. The variation with altitude is much less at the geomagnetic equator. 

Cosmic rays react with the atoms of the atmosphere and produce a variety of effects; 
the production of a simple ion pair, the production of neutrons and electrons, the produc- 
tion of mesons, the production of extensive showers, where the released energy is so great 
that the cosmic ray must be only the cause of some explosion or some artificial disintegra- 
tion. Mesons are particles that may have a unit positive or negative charge or they may be 
neutral as to charge. The mass of the meson is about 200 times that of an electron; it is 
very penetrating and is radioactive, with a life of about 23/10? sec. Some evidence exists 
for mesons with a mass of about 1000 me. 

Thus, there are formed bursts, an extensive production of ionization, and stars when a 
group of particles have a common origin as shown by cloud-chamber pictures. Stars are 
probably so named because these pictures show a number of tracks that have a common 
origin. These tracks vary from 2 to 10 with an average of about 4. The number of stars 
increases with the elevation above sea level. At an elevation of about 4,500 m the average 
energy ionization star particle was about 12 Mev. 

Cosmic-ray showers, extensive ionizations of exceedingly complex reactions taking 
place in the atmosphere, extend over distances up to several hundred meters. These 
showers contain millions of particles and represent a total of about 10° ev. 

These secondary rays may be roughly divided into a hard and a soft component. The 
separation is generally made by filtering out the soft component with about 10 to 12 cm 
of lead. The hard component consists of mesons, a small number of protons, possibly some 
fast-moving electrons, and short-wavelength photons. The soft component consists of 
electrons, photons, and some slow-moving mesons, protons, and neutrons. The number of 
rays of the hard component does not reach a maximum with height but seems to increase 
to as great a height as measurements have been made, i.e., up to a height where the pres- 
sure is above 0.8 mmHg, where it is about 15 times as intense as at sea level. The soft 
component increases in intensity down from the top of the atmosphere to a pressure of 
75 mmHg, then decreases to sea level, where the intensity is about 1 percent of that at its 
maximum. At its maximum intensity the soft component is about 5 times that of the hard 
component, in the vertical direction. At the earth’s surface this hard component makes up 
about 75 percent of the cosmic radiation and a much smaller part at high altitudes. This 
hard component is very penetrating, since it wil! pass through many meters of water or 
lead. Cosmic rays have been detected in a mine at a depth of 384 meters, and by tipping 
the apparatus, the thickness through which the cosmic rays passed was equivalent to 1,408 
meters of water (about 124 meters of lead!). Another observer detected this radiation in 
a coal mine at a depth of 610 meters, which is equivalent to 1,600 meters of water! In this 
case, the intensity measured at the depth corresponding to 1,600 meters of water was only 
about 1/20000 of that at the surface! These highly penetrating rays are thought to be 
mesons, produced by the primary cosmic rays. 


TABLE 796.—MEAN IONIZATION ENERGY OF y-RAY NECESSARY ТО 
PRODUCE AN ION PAIR * 


(See Table 799.) 





Gas ev Gas ev Gas ev 
Hi. EE 33.0 Ма 00m 35.0 ео ы 27.4 
Ee... 27.8 Ono Soe 32.9 A DD 25.4 





* For reference, see footnote 203, p. 624. 
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TABLE 797.—THE CRITICAL ENERGY * AND THE TOTAL ENERGY OF 
COSMIC RAYS ENTERING THE ATMOSPHERE AT FOUR LOCATIONS 


7 1 
о о 

9 5 Ф 9 < Ф 

z = Rl v E Re 

Яо я -E B d -E 

гіс 55 6 Б ае aS 

252 o5 wn Е = 9% > EU 

БІН ЯД 555 95 te Ben = 

Т.осайоп m ц E Location op 4 B® 

Saskatoon ..... 60° 1.4 2.36 San Antonio ... 38° 6.7 1.81 
Omaha ........ 51° 2.9 2125 Майта 2 3° 17.0 ‚94 


* The energy of a cosmic ray which enables it to enter the earth's atmosphere. 


TABLE 798.—ESTIMATED COSMIC RAY INTENSITIES AT 50° GEOMAGNETIC 
LATITUDE 


In this table are given some data on cosmic rays for various altitudes for geomagnetic lati- 
tudes of 50° 


Total intensity Hard component Soft component 
Omni- Lati- Omni- Lati- Omni- Lati- 
direc- . tude direc- | tude direc. tude 
| попа! Vertical effect tional Vertical effect tional Vertical effect 
Altitude р : : Е : : 
particle — particle per- particle particle per- particle particle. per- 
meters айт sec cm? seccm?w cent sec cm? seccm?2w_ cent sec cm? sec cm? 9 cent 


0 1.000 .020 015 10 ‚013 009 10 007 ‚006 10 
2,000 784 ‚035 025 15 018 012 15 017 013 15 


4,500 .570 10 07 25 .03 020 75 07 05 25 
10,000 ‚261 D 29 45 ‚10 105 30 6 25 30 
16,100 100 15 3 75 S .08 ? 1.25 42 80 
30,000 0115 5 .15 85 4 15 2 .06 .02 ? 

S 0 > i 90 ? ? ? ? 2 ? 


w = solid angle. 


TABLE 799.—SOME COSMIC-RAY DATA 





Total number of rays at top of the atmosphere.......... 8x10" ест" 
Total energy carried to earth per second (outer atmos- 
phere и 9x(10'* Bev/sec, 1.4X(10? watts 
If all particles are positively charged this stream gives 
асирге хо г Per ME M а .13 amp 
Average number of rays t at top of atmosphere.......... .16 cm? sec! 


Average energy of all incident particles, latitude >40.... 7 Bev 
Average energy of all incident particles, all areas, about.. 11 Bev 
Cosmic energy reaching earth’s outer atmosphere, high 


latitude? аи ое а И 3.9X 10^ егр стг“ sec? 
Average energy of the cosmic rays entering the atmos- 
рһеге 25 about... E лоо оо у. ОЕ 7x10? ev 
The spectrum extends from а Бон а LUE 110° to 10° ev and probably higher 


The energy required for the ionization found in a column 
cm” in cross section extending to top of atmosphere 


at 60 № geomagnetic latitude... see eee 33x10" ere em” sec 
Thus in this column there are formed about............. 7.4X 10° ion pairs 
This means about- а ee 90 ion pair, cm™ sec™ 
Total number of rays at sea level from all directions..... 1.2 ray min™ cm”? 
Совппсагам ар зе Пеуі ое” - 1.63 іоп рат, ст “ 5ес“: 
Total cosmic energy reaching earth per second at sea level. 40 joules 
Radiant energy flux reaching earth from all stars....... 3.02 Х 107" егр ст“ 5ес" 
* If there were no compensating effects the potential of the earth would increase about 1807 /sec. t The 


number varies with the geomagnetic latitude, being about 0.33 particles cm-? sec-! at high latitudes (> 40°) 
and about 0.032 particles cm-? sec-! at the equator. This data is based upon an energy of 32 ev necessary to 
produce one ion pair. tł Thus the average ray entering the cm? at sea level has an energy of about 103 ev. 
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TABLE 800. —RADIATION AT EARTH'S SURFACE, MASS AND RADIATION 
DENSITY IN OUR GALAXY, AND IN THE UNIVERSE 





Our galaxy: 


ИЙ Ога number of 56{аг$.......................- 1 ecu S 305 10° 
УЕ Ре паз5 ој 5{аї5................................. ЕСІП e 
Total mass of райаху.................................... 327Х10“ с 
Tok uc S ооо ао. 10® ст? 
Diameter (disk) .............. TOIT ION. 5x10? cm 
МеГа еа елеу. ао аа. E 3x107 Е стг? 
Кроа ОЗ епегру. ананас. tem 2.95 10% ergs 
Жа КйеШС епегру.................................... 1.610” ergs 
Average таз5-епегру-депзиу ............................. 3x10? erg cm? 
Average ІІшейс епегру-депейу............................ 1.6% 10- ега ст“ 
Universe: 
ТІЗЕНІ сева roc со. ИН 3x10 g cm? 
Dlasssenermvsdensity .................................. 3x10"? erg cm? 
Paduntenergvedensify ................................27 6x.107* erg cm^? 
Боас гау енегеу-делеііу ................................ 1.710 еге спу 
At earth's surface (top of atmosphere) : 
Шога тайап епегру їгопї аһ вїагз....................... 1.78107 erg cm” sec”’ 
Total radiant energy density (our galaxy).................. 5.8x10^* erg cm? 
Total radiant energy (sun directly overhead)*............... 1.2Х 10" егр ст“ зес“ 
ase гау спегру ...................................- И 3.8X10^? erg cm sec 
Сотис гажиепегеу-деле у...............................- 1073 егр ст“ 


* Astrophysical data. 


TABLE 801, —COMPOSITION OF COSMIC RADIATION AT GEOMAGNETIC 
LATITUDE 30247 


Relative No. of particles Relative No. of particles 
Nuclei Sun T Sco Cosmic rays Nuclei Sun T Sco Cosmic rays 
H vns 1.6x 10? 1.6x:10* 11<Z<14 157 215 —2600 
Не т 29x 10* 4.0х10° 16<2<20 28 5 —1000 
6<2<8 3200 2500 14000 Ее 150 ES ~ 400 





247 Bradt and Peters, Phys. Rev., vol. 77, p. 54, 1950. 
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TABLE 802.—ACCELERATION OF GRAVITY 


For sea-level and different latitudes. Calculated from the International Gravity Formuia : 
g = 978.0490 [1 + 0.0052884 sin? ¢ — 0.0000059 sin* 2 $] 
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Latitude д Latitude g g 

ф ст /$ес? log g ft/sec2 Фф cm/sec? log g ft/sec? 

0* 978.0490 2.9903607 32.08 50° 981.0786 2.9917038 32.19 

9 .0881 .9903780 .09 5] .1673 .9917431 .19 
10 .2043 .9904296 .09 52 .2554 .9917821 .19 
12 .2716 9904594 09 53 .3427 9918207 ‚20 
14 .3504 .9904944 10 54 4291 „9918589 ‚20 
15 978.3940 .9905138 32.10 55 981.5146 9918968 32.20 
16 4404 „9905344 .10 56 .5990 .9919341 .20 
17 .4893 .9905561 .10 57 ‚6822 „9919709 -21 
18 „5409 9905790 ‚10 58 ‚7642 9920072 ЕРІ 
19 .5951 9906031 41 59 ‚8448 ‚9920428 ‚21 
20 978.6517 9906281 32.11 60 981.9239 ‚9920778 32.21 
21 .7107 9906543 ‚11 б1 982.0015 9021122 22 
22 7721 ‚9906815 ЕШ 62 0773 ‚9921457 22 
23 ‚8357 9907098 41 63 -1515 .9921785 22 
24 .9015 .9907390 .12 64 .2238 .9922105 22 
25 978.9694 9907691 2212 65 982.2941 9922415 32.23 
26 979.0394 .9908001 212 66 .3624 (9922718 2) 
27 1113 „9908321 212 67 .4287 .9923010 23 
28 .1850 .9908648 ШЕ 68 ‚4927 9923293 529 
29 .2606 .9908983 13 69 .5545 ‚9923567 ‚24 
30 979.3378 9909325 22219 70 982.6139 9923829 32.24 
3l .4165 .9909674 419 71 .6709 .9924081 ‚24 
22 4968 .9910030 .14 /2 .7254 .9924322 .24 
33 .5785 .9910392 .14 73 .7774 9924552 ‚24 
34 6614 ‚9910760 14 74 ‚8267 ‚9924769 ‚24 
35 979.7455 9911133 32,14 75 982.8734 .9924976 32:25 
36 .8308 .9911511 15 76 9173 9925170 225 
37 .9170 .9911893 .15 77 .9585 .992535] 29 
38 980.0041 .9912279 15 78 ‚9968 9925521 29 
39 .0919 .9912668 ‚15 79 983.0322 9925678 25 
49 980.1805 .9913060 32.15 80 983.0647 .9925821 32:23 
41 ‚2696 9913455 #16 81 „0942 9925951 ‚25 
42 3591 9913852 16 82 ‚1207 ‚9926068 .25 
43 ‚4490 9914250 17 83 ‚1442 9926172 28 
44 .5391 .0914649 ‚17 84 .1645 .9926262 ‚26 
45 980.6294 ‚9915049 32:17 85 983.1818 .9926338 32.26 
46 .7197 9915449 18 86 .1960 9926402 ‚26 
47 ‚8098 9915848 18 87 2071 ‚9926450 .26 
48 ‚8998 9916246 18 88 .2150 .9926485 .26 
49 9894 ‚9916643 18 90 983.2213 .9926513 20 


TABLE 803.—FREE-AIR CORRECTION OF ACCELERATION OF GRAVITY 
FOR ALTITUDE 


To reduce log g (cm per sec per sec) to log.g (ft per sec per sec) add log 0.03280833 — 
8.5159842 — 10. 

The standard value of gravity, used in barometer reductions, etc., is 980.665. It was 
adopted by the International Committee on Weights and Measures in 1901. It corresponds 
nearly to latitude 45? sca-level. 


--0.0003086 сіп sec? m^! when altitude is in meters. 
—(0.000003086 ft sec"? ft^* when altitude is in feet. 





Altitude Correction Altitude Correction 
200 та —.0617 cm/sec? 200 ft —.000617 ft/sec? 
300 .0926 300 .000926 
400 ‚1234 400 ‚001234 
500 ‚1543 500 „001543 
600 ‚1852 600 ‚001852 
700 ‚2160 700 002160 
800 .2469 800 002469 
900 2/70 900 002777 





* Prepared under the direction of K. T. Adams, U. S. Coast and Geodetic Survey. 
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TABLE 804.—ACCELERATION OF GRAVITY, VARIOUS WORLD STATIONS 





Gravity, cm/sec? 


| | Elevation Reduced to 
Name Latitude Longitude meters * Observed sea level 
EuupacoNehile esee 83527: 1.8 70°39:8 W 541.3 979.429 979.596 
Б Бгз .................... 22253725 43 134 W 29.0 978.805 978.814 
ПОП Реп Ос. e eee e rh 18 01.0 S 70 150 W 557.] 978.298 978.470 
Шла Jest), а ааа 15 49.0 5 74 18.5 ХУ 140 978.452 978.456 
ПА Ре... 12 01.1 5 77 OZ. Sey 143.6 978.289 978.333 
Minkindani, E. Africa............ 10 16.6 5 40 076 Е 3 978.224 978.225 
Лг ез a 936 5 12807 Е — 340 978.233 978.233 
ШО Ре _................. 8 07.0 5 79 02.3 ХУ 29.4 978.005 978.104 
Шана E SAIHCA.. 2...6... 7 54.9 $ 39 39.4 E 5 978.168 978.169 
Шап Осап.............. 35 5 106 55 Е - 230 978.292 978.292 
Кома БЕ АСА 222 .......... 5 04.2 5 31 47.5 E 1080 977.783 978.116 
Ends c.r e 145 S 126 57 E --139% 978.058 978.058 
Пиш ЕЛА Илса. _........ 107 5 3640 Е 2193 977.412 978.089 
Је а v Xirca- ........ 028 М 35 59 E 1036 977.664 977.984 
Беті шша .................. 5 222 М 73 192 E 1 978.107 978.107 
Шап Ocean. eer rt 756 N 6846 E  —4390 978.102 978.102 
Кап Ша з... I 9 01.0 N 76 55.8 E 34 978.107 978.117 
Басс Оғгеап ................... 952 М 13246 Е -6050 978.212 978.212 
Racine Ocean ................... 13 35 TN 0527 W — 3870 978.360 978.360 
Шабас иа ................. 15 27.6 N 75 00.2 E 728 978.183 978.407 
Мизтаг, КЕЩ Аїгїса............... 18 13.0 N 35 58 Е 493 978.399 978.551 
Шаспрауа "Мехїсо ............... 19 24.3 М 99 117 М 2299 977.941 978.650 
Шасїпс Осеап ................... 1958 М 16456 ХУ --4960 978.660 978.660 
{апе Осесап .................. 20 44 М 6537 ХУ — 5510 978.704 978.704 
балтасы ................. 22 30.9 N 80 30.4 W 67 978.826 978.847 
Atlantic Ocean ....... 23 21 N 47 05 ХУ --3550 978.880 978.880 
Куру ен e ee rte 24 33.6 N 81 484 W 1 978.973 978,973 
Балет шша .................. 26 420 КМ 77 548 E 176 978.999 979.054 
мара ак! арап... 32 44.7 № 129 523 Е 30 979.594 979.603 
Шон Уон, Сай... 34 134 N 118 03.4 W 1719.4 979.253 979.783 
Јела река ес. с... 35 33.0 N 610 E 1050 979.468 979.792 
Сап Осеап .................. 3623 М 2643 ХУ —3610 979.890 979.890 
ҮШІН 5рап................... 37 230 М 5 505 W 11 979.065 979.968 
Weaver, Gor e 39 406 N 104571 ХУ 1639.5 979.612 980.118 
Carallo EY .............. 1556. 42-57 TEN 78 493 W 210 980.363 980.428 
апос свап er nmn 4314 N 1936 W  —4100 978.520 978.520 
(Шама Ошапо................ 45 23.6 N 75 43.0 W 83 980.622 980.648 
Müchen, Germany ............... 48 09 N 119357 СЕ 525 980.733 980.895 
Greenwich, Епрлапа ............. 51 28.6 N 0 00.3 E 47 981.189 981.204 
Saskatoon, Saskatchewan ........ 52 078 N 106383 W 497 981.138 981.291 
Viadimirskaja, Siberia ........... 54 57 М 85 59 Е 265 981.424 981.506 
Noms опепа.................. 5628 М 8457 E 125 981.582 981.621 
GIIGNNOPWUV ................... 59 54.7 М 10 43.5 Е 28 981.927 981.936 
Speniicnaen Alaska...<.........- 63 28.5 N 162 02.4 ХУ 1 982.197 982.197 
Arctic Red River, N. T........... 67 266 М 133 443 М 4] 982.438 982.451 
Whales Point, Spitzbergen........ 77 30.4 М 20 58.8 Е 458 982.897 983.038 
Hellwald, Spitzbergen ........... 78 44.1 N 20 50.2 E 660 982.871 983.075 
[Те де Ео$$е_.................... 80 49.6 N 20 20.6 E 31 983.145 983.155 
N 1925 E —3402 983.096 983.096 


СС ОСЕЙ а... 81 48 


* For sea stations, the depth is recorded in this column; the observations were made in submarines and 
reduced to sea level. 
ыо БУ у eee 
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TABLE 805.—ACCELERATION OF GRAVITY (g) IN THE UNITED STATES 


The following table is abridged from the table of Principal Facts in U. S. Coast and Geodetic 
Survey Special Publication No. 244, Pendulum Gravity Data in the United States. The observed 
values depend on relative determinations and on an adopted value of 980.118 for the Commerce 
Building Base in Washington, D. C. 

There are also given two types of gravity anomalies. The free-air anomaly is the difference 
between the observed value of gravity and the theoretical values of gravity for the latitude of the 
station corrected for the elevation of the station. The isostatic anomaly is the difference between 
the observed values of gravity and the theoretical value of gravity for the latitude of the station 
corrected for the elevation of the station, topography and isostatic compensation in the earth’s 


crust to a depth of 113.7 kilometers. 





Observed Free-air Isostatic 
Elevation gravity anomaly anomaly 
Station Latitude Longitude m ga gal gal 
Ашап! а; Ga Ne. E... 33545: 21 842245 324.0 979.527 --014 —.030 
Austin, Tex. (university) ........ 30 17.2 97 442 189 979.286 | —.016 | —.017 
Balnnore Mud. COEM... 39178 76 373 30.5 980.114 --.005 +.002 
Велшог!, МЕСЕ S Eie 34 43.1 76 39.8 1.5 079732 +.011 ---.026 
Birmingham, Ala ee Wassen. 33 308 986488 179 979.539 —.027 --.038 
Вїзпанск, М. ОаК................ 46 48.5 100 47.1 514.4 980.628 —.006 --001 
Воо аһа... 43 37.2 116 12.3 822.0 980.215 --.036 +.010 
Bostom Mass a... seek sss 42 21.6 71038 22 980.399 +.014 + .002 
Burbank, Okla. aeeie reekk osh 36 422 96 41.0 345 979.788 -.003 —.001 
Calais Маше. aaea 45 11.2 67 16.9 38 980.634 .000 —.008 
Cambridsee, 5550. ..... 42 228 71 07.8 14 980.401 +.012 --.001 
Chanleston, 56."@................ 32472 79 560 6.1 979.549 —.010 —.026 
Charlottesville, Va. ............. 38 020 78 30.3 166 979.941 — (015 — 017 
Cheo E NEENE 41 474 87 35.9 182 980.281 --.003 —.004 
Cicemnati, Ohio ..... 39 08.3 84 25.3 245 980.007 --.022 — 024 
Слемејапа, Оћо ................. 41 304 81 36.6 210 980.244 —.006 —.006 
СВ Иа, Те: ее. на 36 06.2 82 07.9 1890 979.386 +-.129 —.001 
Colorado Springs, Colo. .......... 38 50.8 104 49.5 1841.8 979.493 —.017 —.008 
Себи. Сана = оне... 32270 84 57.6 735 979.526 +.015 +.014 
Сон трио, ОТОН о. ....... 39 578 82594 231.0 980.002 —.014 --.014 
Demer, Соо. ................... 39 40.6 104 57.1 1639.5 979.612 --.034 —.016 
Оа MIENNE Leer nn 46 47.0 92 06.4 215.8 980.761 47.037 +.048 
Ва М... 36 00.2 7856 126 979.838 -+.046 --.034 
В ИРазо, Тех .,.................. 31 46.3 106 290 1146.0 979.127 +.002 +.009 
Empire State Building, N. Y...... 40 449 73 59.2 16.2 980.269 +.027 +.020 
Епоспе, Огер. .................. 44 02. 123 05.6 129 980.493 —.010 +.005 
Fort Dodge, Iowa... ....$....... 42 30.8 94 11.4 340.1 080.34 +.014 +.011 
Grand Canyon, Ariz.............. 36 053 112 06.8 8470 979466  —.111 —.014 
Grand Canyon, Wyo.............. 44 437 110 29.7 2386.0 979.902 +.033 —.002 
Grand. Rapids Мїсһ.............. 42 580 85 39.5 2358 980.375 +.002 --.004 
Green River, Слаћ............... 38 594 110 09.9 1243 979.639 --.068 —.025 
о ОА ............... 41 396 91 32.2 212.3 980.250 --013 —.012 
Нас №. У... 42 27.1 76 29.0 246.9 980.303 --.020 —.022 
Кем Ме, а аа. 24 336 81 48.4 1 978.973 +.034 ЕЕ (ИЙ 
КпохуШе Тепп. ................ 35 57.7 83 55 280 970715 --027 --026 
Lancaster, N. H EE aaaea 44 295 71 34.3 261.8 980.489 —.014 --.014 
Таз \Мераз, М, Мех............... 35 35.8 105 13.1 1959.6 979207 +.015 —.003 
Іле Боск, АШ 2............. 34 449 92 16.4 89.0 979.724 -+.027 +.028 
Madcon, Wis. A e iaaea ea eaaa 43 04.6 989240 270 980.368 --.005 —.008 
Memphis, Tenn. ................. 35 087 90 03.3 803 979.743 +.010 +.008 
Miles ЕШ. Мойны. 46 242 105 50 718 980.542 4-.008 +.028 
Саво, М. 44 587 93 13.9 256.1 980.600 --.052 +.055 
мерен ©. Вак т 43418 98 01.8 408 980.378 --.003 2002 
Mount Hamilton, Calif............ 37 204 121 38.6 1281.7 979.663 4-.112 —.004 
New Orleans, Г[.а................. 29 569 90 04.3 2.4 979.326 --.007 —.020 
New York МО МА а. о о S 40485 73577 38,1 980.270 --.029 +.019 
Бев, ОШО c... v RD 41 17.5 82132 248 980.208 —.011 —.013 
Бадер а Нас ........ 2 EE 39 571 2551] 15.8 980.199 +.028 +.018 
Tikes Резко... a 38 50.4 105 02.5 4293.1 978.057 +.203 +.018 
Bittsburgb Рајс. an sa. OI cs 40 27.4 80 00.6 235 980.121 —027 — 27 
Drestotisburem Ку... 37 406 82 45.6 193 979.884 --032 —.028 
Bunceton NW... c ve AT e. 40210 74 39.5 64.0 980.181 — 011 —.025 
(continued) 


SMITHSONIAN PHYSICAL TABLES 


210 


TABLE 805.—ACCELERATION OF GRAVITY (g) IN THE UNITED STATES 
(concluded) 


Station Latitude 
Richmond, Va. .: 5 es eor ve 2773272 
В О... 38 38.0 
St. Petersburg, Fla. .............. 27 48.9 
Salt Lake City, Щ{аһ............. 40 46.1 
бап Етапегсо, бап ............ 27 37.5 
Seattle, Wash. (university)....... 47 39.6 
о, В ооо sens 44 48.0 
Smith College, Mass.............. 42 19.0 
State СоПерге, Ра................. 40 47.9 
Tere Paute nd m coco 39 28.7 
Ттауегсе Сиу, Мїсһ. ............ 44 45,8 
Wallace Капа ООШ ......... 38 547 
Washington, Doc 

Geophysical Laboratory I.N 38 56.6 
National Bureau of Standards... 38 56.5 
Smithsonian Institution ........ 39 533 
Му нееппе, УУ. МайЕ7 _........... 40 04.0 
Winnemucca, Nev. .............. 40 58.4 
Worcester, Маз5. ............... 42 16.5 
Уре ОНО. а... 39 46.6 
Па ИХ а сео о 32 43,3 


Longitude 
77726:1 
90 12.2 
82 40.2 
111 53.8 
1220757 
122 18.3 
106 58.7 
72 382 
77 518 
87 23.8 
85 272 
101 35.4 


77 03.4 
77 03.9 
77 01.5 
80 43.3 
117 43.8 
71 48.5 
84 05.9 
114 37.0 


Elevation 


т 


29,9 

153.9 
15 
1322 

114.3 


1005 
88.1 


53.9 


Observed 
gravity 
gal 
979.963 
980.004 
979.191 
979.806 
979.968 
980.736 
980.244 
980.376 
980.127 
980.075 
980.553 
979.758 


980.104 
980.100 
980.118 
980.088 
979.847 
980.328 
980.094 
979.532 


Free-air 
anomaly 
gal 
--.009 
—.008 
--.025 
—.035 
4-.018 
= 1 
Ба 010 
4-.005 
БЕЛІ 
2013 
+.001 
—.016 


-F.044 
+.042 
+.039 
--.035 
--.016 
—.003 
+.010 
—.007 


Isostatic 
anomaly 
gal 

.000 
—.007 
+.006 
4.006 
--.022 
--.095 
+.010 
+.006 
—.014 
—.011 
+.001 
—.016 


+.036 
+.034 
+.038 
—.032 
—.012 
—.022 
+.008 
4.006 





TABLE 806.—LENGTH OF SECONDS PENDULUM AT SEA LEVEL AND FOR 


Length 
cm 


99.097 
99.101 
99.113 
99152 
99.158 
99.190 
99.228 
99.269 
А 
99.359 


Log 
1.996061 
1.996078 
1.996131 
1.996215 
1.996329 
1.996469 
1.996633 
1.996814 
1.997006 
1.997205 


Length 
in. 
39.014 
39.016 
39.020 
39.028 
39.038 
39.051 
39.066 
39.082 
39.099 
39.117 


Log 
1.591221 
1.591243 
1.591287 
1.591376 
1.591488 
1.591632 
1.591799 
1.591977 
1.592166 
1.592366 


DIFFERENT LATITUDES 


Length 
cm 


99.404 
99.449 
99.490 
99.527 
99.560 
99.586 
99.605 
99.618 
99:022 


Log 
1.997404 
1.997597 
1.99778 
1.997942 
1.998084 
1.998198 
1.998283 
1.998335 
1.998352 


Length 
in. 
39.135 
39.153 
39.169 
39.184 
39.196 
39.207 
39.214 
39.219 
39.221 


Log 
1.592565 
1.592765 
1.592943 
1.593109 
1.593242 
1.593364 
1.593441 
1.593497 
1.593519 





Calculated from Table 802 by the formula /= g/m’. 
0.000953 cm or 0.000375 in. or 0.0000313 ft. This table could also have been computed by either 


of the following formulas derived from the gravity formula at the top of Table 802. 
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| — 0.990961 (1 + 0. 0052884 sin? 4 — 0. 0000059 sit 2 $) meters. 


For each 100 ft of elevation subtract 


1 = 0.990961 + .0052406 sin* $ — ‚0. 0000058 sin* 2 9, meters. 
| = 39.014135 (1 4- 0.0052884 sin? $ — 0.0000059 sin’ 2$) inches. 
І -- 39.014135 4- 0.2063214 sin? 6 — 0.0002302 sin* 2 œ, inches. 


718 TABLE 807.—SOME PLACES OF ANOMALOUS GRAVITY %8 


The departures are from values of gravity normally expected, from Table 802. 


Latitude Longitude 
19°29'8 М 155°34:8 W 
19 42.2 М 155 27.9 W 
19 25.4 N 155 15.7 МУ 
23 47.0 N 166 12.5 W 
3222 N 64 40 W 
37 30.0 М 2 45.0 \ү 
38 06.7 М 3 04.5 W 
42 55.8 М 008 E 
37 11.0 N 3 36.0 W 
45 50 N 6 52 XD 
45 57.5 N 7 489 E 
45 59.5 N 7 427 Е 
67 53.6 N 13 020 Е 
33 48.5 N 74 33.3 Е 
51 48 М 1037 Е 
35 44.5 М 15 39.5 E 
40 38 N 17 5 E 
23 06.1 N 74 58.5 W 
42 08 М 4142 Е 
46 21.9 М 9 07.6 Е 
56 08.0 М 91 18.0 Е 

8 14 $ 3035 Е 
30 19.5 М 78 03.4 Е 
50 30.2 М 116 03.4 W 

150 N 3119 Е 
7 505$ 120 48 E 
Бо N 9412 E 
4026 N 5000 E 
848 5 12826 Е 
26 41.8 М 88 24.8 E 
209 N 126 59 E 
10 17 N 126 41 E 
029 S 125 59 Е 
5550 5 131 08 Е 
19 32 М 66 46 W 


Elevation 
meters * 


3970 
2030 
1211 


1030 
339 
/83 
683 
828 
623 

—5140 
--2555 
57 
—2120 
118 
--2200 
--8740 
--2390 
--7330 
--8040 


Gravity 
cm/ sec? 


978.096 
978.504 
978.673 
979.201 
979.806 
979.669 
979.792 
979.779 
979.669 
979.401 
980.019 
980.080 
982.622 
978.752 
981.015 
979.926 
980.337 
978.941 
980.317 
980.374 
981.435 
977.835 
979.063 
980.767 
977.753 
978.024 
977.962 
980.065 
978.019 
978.887 
977.877 
978.013 
977.833 
977.843 
978.284 


Departure 
from values 


of table 


4-698 
4-495 
4428 
4315 
4.282 
4265 
+248 
4224 
+206 
+180 
+166 
4157 
+142 
4-133 
4-129 
+118 
+107 
+100 
22058 
ао 
E70 
= 
— 89 
—100 
—109 
ES 
—129 
—136 
—151 
—166 
—179 
—200 
— 216 
—255 
—341 


Place 


Mauna Loa 
Kalaieha 
Kilavea 

East Island 
St. Georges 
Baza 
Villacarrillo 
Pic du Midi 
Granada 
Mont Blanc 
Bétempshütte 
Schwarzsee 
Sórvaagen 
Korag 
Brocken 
Mediterranean Sea 
Brindisi 
Clarence Town 
Poti 

Augio 
Kosulka 
Moliro 

Dehra Dun 
Invermere 
Butiaba 

Java Sea 
Indian Ocean 
Surachany 
Timor Sea 
Siliguri 
Celebes Sea 
Philippine Sea 
Celebes Sea 
Banda Sea 
Atlantic Ocean 


28 Heiskanen, W., Catalogue of the isostatically reduced gravity stations, Helsinki, 1939. 
* For sea stations, the depth is recorded in this column; the observations were made in submarines 


and reduced to sea level. 
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TABLES 808-824.—SOLAR RADIATION * 719 


TABLE 808,—THE SOLAR CONSTANT 


A long series of measurements has been made ™® at widely separated, selected stations 
by the astrophysicists of the Smithsonian Institution on both the total intensity of the 
solar radiation and the spectral distribution of this radiation. One result of these measure- 
ments is the value of the solar constant, that is, the total solar radiation (cal cm"? min") 
at normal incidence outside the atmosphere at the mean solar distance. As a result of the 
work up to 1913 the solar constant was found to be 1.9408 ly. min™ (langley ; see Table 2, 
Part 2). .Later investigations ^? showed that the standard used in these measurements was 
somewhat in error. Observations showed that the correction employed for the unmeasured 
ultraviolet radiation was too iow; also solar radiation in the infrared region beyond about 
2.5 и introduced some error. As a final result of all the corrections it was found that this 
1913 value of the solar constant was very good. It should be pointed out that there is 
evidence ** that the solar constant fluctuates as much as: 1.5 percent. In addition, the 
varying distance between the sun and earth (see Table 827) produces a change in the actual 
solar radiation at the top of the atmosphere of about + 3.5 percent from the mean value. 
Now in 1951 the value of the solar constant (amount of energy falling at normal incidence 
on one square centimeter per minute on body at earth’s mean distance) = 1.946 calories = 
mean 6430 determinations 1924-47. Subject to variations, usually within the range of 2.8 
percent, and occurring irregularly in periods of a week or 10 days. New data on the ultra- 
violet and infrared corrections to the solar constant given by F. S. Johnson (in press) 
indicate that the value 1.946 should be increased by 2.6 percent. Johnson’s best value is 
2.00 + 2 percent. 

Computed effective temperature of the sun: from form of blackbody curves, 6000° to 
7000° Absolute; from Amax 7 = 2930 and max = 0.470z, 6230? ; from total radiation, J = 
16.8 < 10°° < Т", 58302 


ПС ............................ 3.8 X 10? erg/sec 
6.25 X 10” erg sec ст 
О ОЕ ааа a IE 1.72 Х 10" егр/зес $їгїКе$ {һе earth. 


* Prepared by L. B. Aldrich and W. H. Hoover, Astrophysical Chservatory, Smithsonian Institution. 

249 Abbot, C. G., Solar radiation and weather studies, Smithsonian Misc. Coll., vol. 94, Хо. 10, 1935. 

250 Aldrich, L. B., and Abbot, C. G., Smithsonian pyrheliometry and the standard scale of solar radia- 
tion, Smithsonian Misc. Coll., vol. 110, No. 5, 1948. See also Annals, Smithsonian Astrophysical 
Observatory, vol. 7, ch. 3 (in press). 


TABLE 809—ATMOSPHERIC TRANSMISSION COEFFICIENTS 


Montezuma, Table Mt., Miami, 
Wave- Chile alif. Fla. 
length —— —— - 
и High Low High Low High Low 
.34 .620 .568 ‚605 552 2512 .464 
.35 ‚656 ‚600 ‚641 „585 54] 492 
.36 .687 .630 0/2 .615 .567 .519 
527 ‚714 ‚657 ‚701 ‚643 „593 545 
38 ‚738 ‚681 .726 .668 ‚617 571 
.39 ‚759 ‚703 ‚749 ‚692 ‚642 595 
40 ‚778 /22 ‚769 742 ‚662 615 
45 ‚848 ‚792 ‚840 ‚783 „755 ‚709 
.50 .890 .838 .883 .831 .818 ‚764 
„55 .900 .849 .890 .838 .850 788 
.60 .913 .863 .905 .854 .873 .814 
.65 .936 ‚884 ‚933 ‚880 925 872 
‚70 ‚963 ‚924 961 922 ‚935 ‚890 
15 972 936 .970 .934 .943 .902 
.80 .980 .945 .978 .943 .949 911 
‚85 ‚984 ‚952 983 ‚950 ‚954 917 
‚90 ‚985 ‚956 ‚954 954 ‚957 922 
95 ‚986 957 985 956 960 2225 
1.00 ‚987 958 ‚986 957 962 928 
1.25 ‚989 ‚960 ‚989 ‚959 ‚964 .933 
1:50 .994 .965 .994 .968 .969 .942 
1.75 997 .970 ‚997 ‚970 973 946 
2100 ‚996 ‚975 ‚996 ‚974 ‚969 ‚945 
mo» .988 .970 .987 .965 .955 .930 





High transmissions are for every clear day and low precipitable water, 2 mm for Monte- 
zuma and Table Mt., and 3.5 mm for Mianv. | у 

Low transmissions are for very hazy days and high precipitable water, 10 mm for Monte- 
zuma and Table Mt., and 25 mm for Miami. 

Transmission coefficients in the range .70 — 2.25 X are all smooth-curve values drawn over 
the tops of the water-vapor bands. 

Unit air mass. 
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TABLE 810.—THE SOLAR CONSTANT, MONTHLY AND YEARLY MEANS * 


Jan 

1920 
21 1.957 
22 47 
23 42 
24 45 
25 46 
26 45 
27 39 
28 41 
29 48 
1930 44 
31 48 
22 45 
33 50 
34 48 
35 48 
36 47 
37 49 
38 47 
39 47 
1940 47 
41 48 
42 49 
45 42 
44 48 
45 39 
46 46 
47 53 
48 51 
49 55 
1950 56 
1951 50 
1952 45 


Feb. Mar 
1.955 1.949 
46 36 
29 32 
41 47 
59 50 
38 40 
39 40 
42 46 
41 41 
44 43 
46 47 
39 39 
48 42 
45 47 
45 47 
46 44 
48 43 
46 48 
42 44 
45 43 
48 50 
48 43 
44 43 
52 44 
46 44 
39 38 
49 45 
53 49 
56 47 
49 47 
52 55 
41 36 


* Calories per cm per min, 


Apr. 


May 


1.950 


June 


July Aug. 


Sept. 


1.939 1.950 1.943 1.950 


TABLE 811.—AIR MASSES 


Oct. 


Yearly 

Nov. Dec. mean 
1.950 1.953 

57 52 1.950 
26 24 28 
44 43 38 
53 50 48 
46 48 49 
36 37 40 
46 44 43 
46 47 44 
43 46 42 
48 52 47 
45 46 47 
39 46 41 
50 50 46 
51 50 47 
50 51 47 
52 51 48 
48 51 46 
52 51 47 
5I 47 44 
45 49 47 
49 5] 49 
48 44 46 
43 48 46 
46 46 45 
47 43 44 
53 54 48 
53 54 50 
56 55 53 
52 54 50 
51 49 49 
42 46 46 
40 47 43 


The transmission, both total and spectral, of the atmosphere depends upon several уагу- 
ing factors besides the actual air masses, that is, the length of the path of the rays in the 
atmosphere; thus, corrections must always be determined for different tests. 

Values of the transmission of the atmosphere for any position of the sun except when it 
is directly overhead are calculated from measurement when the sun is in the zenith, i.e., 
ст == са" when es is the intensity of the radiation at air mass m, eo the intensity for the 
sun in the zenith, and a the transmission for unit air mass. m is unity when the sun is in 
the zenith and approximately equals the secant of the zenith distance for the other positions. 

Besides values derived from the pure secant formula, the table contains those derived 
from various other more complex formulas, taking into account the curvature of the earth, 
refraction, etc. The most recent is that of Bemporad. 


Zenith dist 
Secant 
Forbes 
Bouguer 
Laplace 
Bemporad 


— 


09 
1.00 
1.00 
1.00 
1.00 
1.00 


20° 
1.064 
1.065 
1.064 
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40° 
1.305 
1.306 
1.305 


609 
2.000 
1.995 
1.990 
1.993 
1.995 


709 
2.924 
2.902 
2.900 
2.899 
2.904 


799 
3.864 
3.809 
3.805 


859 
11.47 
10.22 
10.20 
10.20 
10.39 


TAN 
TABLE 812.—THE AMOUNT OF SOLAR RADIATION IN DIFFERENT 
SECTIONS OF THE SPECTRUM, ULTRAVIOLET, VISIBLE, 
AND INFRARED 


Calories, min"'cm^?, Smithsonian scale of 1913 





Miami, Fla. Montezuma, Chile 
Air mass Air mass 
Wavelength 
Hu 1 2 3 4 5 1 2 3 4 5 
00 to .400 151 .070 .036 .018 .010 .005 094 061 041 .028 .019 
.400 to .770 9225 .740 .591 .476 .386 .314 813 .734 .664  .603  .549 
7700 © .974 606 517 450 398 359 742 (95 657 .630 .608 


00 to ™ 1.950 1.416 1.144 .944 .794 .678 1.649 1.490 1.362 1.261 1.176 


Average clear day at Miami, Fla. (sea level) precipitable water about 2.00 cm. 
Average clear day at Montezuma, Chile (altitude 9,000 feet) precipitable water 0.25 cm. 


TABLE 813.—SPECTRAL DISTRIBUTION OF SOLAR RADIATION OUTSIDE 
THE ATMOSPHERE 


On the bases of the Smithsonian and other observations, Moon *' in 1940 proposed a 
spectral solar-radiation curve at normal incidence outside the atmosphere at the mean solar 
distance and also a like curve for solar radiation at the earth's surface for air mass 2 
(Table 815). More recently a rocket observation ^? has given a direct measurement (at 
55 km) of the ultraviolet spectrum of the sun at wavelengths below 0.344. Since less 
than ] percent of atmospheric ozone is above this level, this observation should be closely 
representative of ultraviolet solar radiation at wavelengths above 0.22 u at the top of the 
atmosphere. Moon’s values for wavelengths above 0.334 and data from the rocket observa- 
tion for wavelengths below 0.334 were used in constructing the table. 


Part 1.—Intensity of solar radiation outside the atmosphere 


Wave- Intensity Wave- Intensity Wave- Intensity Wave- Intensity 





length Relative length Relative length Relative length Relative 
[л units И units и units H units 
720) 14 ‚420 1766 .68 1473 2:5 50 
23) 33 424 1742 69 1439 2.6 43 
.240 40 430 1788 ‚70 1405 27 38 
250 55 44 1939 ‚71 1371 2.8 33 
‚260 126 .45 2036 ve 1337 30 
‚265 174 .46 2096 219 1304 3.0 26 
.270 162 47 2119 .74 1270 Jl 23 
275 136 48 2127 49 1236 22 21 
.280 145 ‚49 2103 ‚80 1097 8.9 19 
.290 378 .50 2061 .85 976 3.4 17 
.295 418 Si 2000 .90 871 3.5 15 
.300 386 52 1954 .95 781 3.6 14 
.310 538 59 1912 1.0 706 27 12 
.320 621 .54 1894 |] 590 3.8 11 
„330 796 155 1878 1.2 488 3.9 10 
.335 826 .56 1861 1.3 395 4.0 9 
.340 856 57 1841 1.4 319 4.1 8 
.345 886 .58 1819 1.5 260 4.2 8 
.350 916 .59 1795 1.6 214 4.3 7 
360 976 60 1762 1.7 177 44 6 
‚370 1046 ‚61 1727 1.8 148 4,5 O 
.380 1121 .62 1690 1.9 124 4.6 5 
.390 1202 .63 1653 2.0 105 4.7 5 
.400 1304 .64 1616 2.1 89 4,8 5 
.405 1427 .65 1579 22 76 4.9 4 
410 1728 .66 1543 25 66 5.0 4 
413 1803 .67 1508 2.4 57 
251 Мооп, Р., Dui Franklin Inst., vol. 230, p. 583, 1940 
252 Hue E . O., Journ. Opt. Soc. Amer., |. Зр 405, 1947. 
(continued) 
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TABLE 813.—SPECTRAL DISTRIBUTION OF SOLAR RADIATION OUTSIDE 
THE ATMOSPHERE (concluded) 


Part 2.—Energy distribution of solar radiation outside the atmcsphere 


Wavelength Energy Wavelength Energy Wavelength Energy Wavelength Energy 

interval cal cm-? interval cal cm-? interval са] ст-2 interval cal cm-? 
m min-! 4 тіп-1 m min-l m min-! 
.22—.23 .0004 .45—.46 0303 .68—.69 0213 .91—.92 .0123 
.23—.24 0006 .46—.47 .0309 .69—.70 0208 .92—.93 0121 
.24—.25 0010 .47 —.48 .0312 /0—.71 ‚0203 .93—.94 .0118 
.25—.26 0011 .48—.49 0311 71—.72 0198 .94—.95 .0116 
.26—.27 .0025 .49—.50 .0306 72—.73 0194 .95—.96 0113 
.2/ —.28 .0021 .50—.51 0299 .73—.74 0189 .96—.97 .0111 
.28—.29 .0029 .51—.52 .0290 .74—.75 0183 .97—.98 .0109 
.29—.30 ‚0059 52—.53 0283 .75--.76 0179 .98—.99 0107 


.30—.31 .0067 .53—.54 .0279 .76-.77 0175 99—1.0 .0105 
.31—.32 .0085 .54—.55 .0277 .77—.78 0171 1.0—1.1 0948 
.32—.33 .0107 .55—.56 .0274 .78—.79 ‚0167 11-12 .0792 
.33—.34 0121 .56—.57 0271 .79--.80 ‚0163 12-13 .0643 
.34—.35 0130 .57—.58 .0268 .80—.81 .0159 13-14 0518 
.35—.36 .0138 .58—.59 .0264 .81—.82 .0155 14-1... .0424 
.36—.37 0149 .59—.60 .0260 .82—.83 .0152 15-6 0348 
.37—.38 015: .60—.61 0255 .83—.84 .0148 16—1.7 .0288 
.38—.39 .0171 .61—.62 0251 .84—.85 .0145 17-18 2.0240 
.39—.40 0184 62—.63 .0245 .85—.86 .0142 18—1.9 .0197 
.40—.41 .0212 63-64 .0240 .86—.87 .0138 1.9—2.0 0168 
41--.42 0262 .64—.65 .0234 .87—.88 .0135 20-30 1.0719 
.42—.43 .0256 .65—.66 .0229 88—.89 0132 30-40 2.0227 
.43—.44 .0276 .66—.67 0224 .89—.90 .0129 4.0—5.0 .0084 


44--.45 0272 .67—.68 2.0219 .90—.91 .0126 


TABLE 814.—DISTRIBUTION OF INTENSITY (RADIATION) 
OVER SOLAR DISC 


Fraction of radius 


и .00 .30 .50 ‚60 ‚70 ‚80 .90 „95 5045 


‚3149 1.000 959 857 760 721 ‚607 446 297 251 
3518 1.000 .977 .895 .841 .785 .679 .524 .407 .328 
.3665 1.000 .980 881 841 ‚787 703 ‚546 437 350 
4030 1.000 959 877 ‚859 ‚767 ‚664 ‚533 423 346 
4487 1.000 .977 ‚912 859 .804 .720 .594 .500 .389 


5186 1.000 .975 .929 .877 .832 759 .644 2020 .466 
5485 1.000 967 919 „884 832 .756 ‚650 .565 .487 
6151 1.000 .980 .936 .900 ‚853 ‚790 ‚687 ‚600 ‚528 
6980 1.000 983 ‚946 916 ‚872 ‚812 722 .644 .574 
8384 1.000 .984 952 .926 .893 .843 .766 ‚695 ‚640 


.9920 1.000 987 957 933 ‚903 .860 .788 72] ‚670 
1.1973 1.000 988 965 .944 918 ‚880 ‚814 758 702 
1.5397 1.000 993 973 ‚960 .940 1212 ‚863 811 763 
1.7093 1.000 994 980 967 .950 .925 .878 .832 .786 
2.0664 1.000 994 .980 .970 952 220 888 ‚849 ‚811 
2.2870 1.000 .995 .980 968 952 931 891 ‚850 „814 


3.9 1.000 .996 .988 980 .969 .952 ‚928 902 ‚875 
8.3 1.000 998 202 .990 .986 ‚977 960 942 .928 
10.2 1.000 998 .994 991 .988 .982 .966 953 .946 


* Values .3149 through .4487 ш from Cavanaggia and Chalonge, Ann. d'Astrophys., vol. 9, p. 143, 
БӨЛ о through 10.2 4 from Pierce, McMath, Goldberg, and Mohler, Astrophys. Journ., vol. 112, 
р. *, * 
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TABLE 815.—SOLAR IRRADIATION AT SEA LEVEL WITH SURFACE 723 
PERPENDICULAR TO SUN'S RAYS m—2* 


(Watts per square meter per micron) 


—- 


А А А А 
microns 4, microns ША писгопз PA microns J 

.295 2.09 * ‚60 1167 1.15 216 1.65 173 
‚296 299% .61 1168 1.16 271 1.66 163 
‚297 287: 62 1165 1.17 328 1.67 159 
‚298 9,87? 63 1176 1.18 346 1.68 145 
‚299 „0346 ‚64 1175 1.19 344 1.69 139 
.300 .0810 ‚65 1173 1.20 373 1.70 132 
‚301 177 ‚6б 1166 1.21 402 1.71 124 
.302 .342 67 1160 1:22 431 1:22 115 
.303 ‚647 68 1149 1:23 420 1.73 105 
.304 1.16 .69 978 1.24 387 1.74 97.1 
.305 1.91 70 1108 1.75 328 1.75 80.2 
.306 2.89 71 1070 1.26 311 1.76 58.9 
.307 4,15 72 832 1:27 381 1.77 38.8 
‚308 6.11 73 965 1.28 382 1.78 18.4 
‚309 8.38 44 1041 1.29 346 1.79 5.70 
.310 11.0 75 867 1.30 264 1.80 ‚920 
Fold 13.9 76 566 151 208 1.81 қ 
5212 17.2 77 968 1:32 168 1.82 
313 21.0 .78 907 1:33 115 1.83 
.314 25.4 .79 923 1.34 58.1 1.84 
415 30.0 ‚80 857 1.35 18.1 1.85 
1210 34,8 ‚81 698 1.36 ‚660 1.86 
317 39.8 ‚82 801 137 КО? 1.87 
.318 44.9 .83 863 1.38 1.88 
.319 49.5 .84 858 1.39 1.89 
.32 54.0 ‚85 839 1.40 1.90 m 

86 813 1.41 1.91 1.91 ‚705 

87 798 1.42 3.72 1.92 2.34 
33 101 88 614 1.43 7:52 1.93 3.68 
34 151 89 517 1.44 [37 1.94 5.30 
35 188 90 480 1.45 23.8 1.95 127 
36 233 91 375 1.46 30.5 1.96 31.7 
87 279 92 258 1.47 45.1 1.97 377 
38 336 93 169 1.48 83.7 1.98 22.6 
39 397 94 278 1.49 128 1.99 1.58 
40 470 95 487 1.50 157 2.00 2.66 
41 672 96 584 1.51 187 2.01 19.5 
42 733 97 633 1.52 209 2.02 47.6 
43 787 98 645 1.53 217 2.03 55.4 
44 911 „99 643 1.54 226 2.04 54.7 
45 1006 1.00 630 1:55 221 2.05 38.3 
46 1080 1.01 620 1.56 217 2.06 50.2 
47 1138 1.02 610 1.57 215 2.07 77.0 
48 1183 1.03 601 1.58 209 2.08 88.0 
49 1210 1.04 592 1.59 205 2.09 86.8 
.50 1215 1.05 551 1.60 202 2.10 85.6 
ET 1206 1.06 526 1.61 198 2.11 84.4 
2192 1199 1.07 519 1.62 194 212 83.2 
„53 1188 1.08 519 1.63 189 213 20.7 
.54 1198 1.09 514 1.64 184 2.14 "T 
55 1190 1.10 252 
56 . 1182 1.11 126 
„57 1178 ІЗ 69.9 
58 1168 113 98.3 
.59 1161 1.14 164 





* For reference, see footnote 251, p. 721. 
ах 10- ьх 10-8 
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TABLE 816.—THE BIOLOGICALLY EFFECTIVE COMPONENT OF ULTRAVIOLET, 
SOLAR, AND SKY RADIATION PER MONTH PER CM? (UVQ IN WATT 
MINUTES) AND THE TOTAL SOLAR AND SKY RADIATION (Q IN 
CALORIES PER MONTH PER CM?) INCIDENT IN WASHINGTON, 
D. C,, 1941-1946, MONTHLY AVERAGE ?* 


UVQ Q UVQ 
watt min cal watt min cal 
Month month-! cm-? month-! cm-? Month month-! cm-? month-! cm-? 
Јап osos JIZ 4,982 ТИГУ ЕЕ Л созу: 1.091 15,239 
Fels... oos .209 6,987 Aug M ced us 1.012 14,470 
Ма eoo .466 10,847 Sept ss 221 11,158 
Ар Коо x 692 12,916 e 406 8,767 
Ма .990 15,203 МОУ... 177 6,085 
уе... 1.108 16,019 Doc . 7 .087 4,690 


258 Coblentz, W. W., Bull. Amer. Meteorol. Soc., vol. 28, p. 465, 1947, 


TABLE 817.—DURATION OF SUNSHINE * 


Approx 
declination 
of sun: —23%27' —15° —10° —5° 0° 4-5? 410° 4-15? +20° 4-23?27' 
Approx Feb.9  Feb.23 Маг.8  Mar.21 Apr.3 Apr. 16 Мау1 Мау 20 Јапе 21 
date: Dec. 22 Nov.3 Oct. 19 Oct. 6 Sept. 23 Sept. 10. Aug. 28. Aug.13 July 24 
Latitude h m h m h m h m h m h m h m h m h m h m 


0° 12 07 1207 1207 1207 1207 1207 1206 1206 1207 1207 
10° 1132 1145 1153 1200 1207 1214 1221 1229 123298243 
20° 10°55 1123 1138 1152 1207 1222 1237 12 53i 0. TRDE] 
30° 1012 1058 1121 1144 1208 1231 1254 1319 1345 1405 
40? 9220 1026 1101 135 12 09 1243 1316 135 ПОЛАТ 
50° 8 04 943 1035 1123 1212 12509 1347 1439 1537 1623 
55° 7 10 915 1016 1114 1212 1311 1408 1511 1624 1723 
60% 552 8 36 953 1103 1215 1325 145 1554 1730 1853 
65° 3 34 7 42 021 1050 1217 1345 1514 1658 1916 2203 
709 6 14 832 1029 1221 1414 1613 1844 
80% 3 10 8 46 12.38 16 44 


* Prepared by G. M. Clemence, U. S. Naval Observatory. For more extensive tables, see ‘‘Tables of Sunrise, 
Sunset, and Twilight," Supplement to the American Ephemeris, 1946. 


TABLE 818.—RELATIVE DISTRIBUTION IN NORMAL SPECTRUM OF SUNLIGHT 
AND SKY LIGHT AT MOUNT WILSON 


Zenith distance about 50? 


This table is abstracted in modified form from the Annals of the Smithsonian Astrophysical 
Observatory. The observations, which were visual, made on October 17, 1906, probably represent 
the most ideal sky conditions on Mount Wilson. 


=== 


C D b Е 
Place in 5ресїгшїп (д)......... 422 .457 .491 .566 .614 · .660 
Intensity sunlight ............. 186 232 227 211 191 166 
Intensity sky light..... 5. .... 1144 986 701 395 231 174 
Ratio at Mount Wilson........ 642 425 309 187 121 105 102 143 246 316 
Ratio computed by Rayleigh...  — — — -- — — 102 164 258 328 
Ratio observed by Rayleigh.... -- — — — — -- 102 168 291 369 
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TABLE 819.—ILLUMINATION DUE TO DIRECT SUNLIGHT, SKY LIGHT, AND 
TOTAL ON HORIZONTAL AND VERTICAL PLANES 2% 








Direct sunlight Skylight Total 
—  — = 
б Ina Ipa Ine Тре Ine Ips 
Solar Air 
altitude mass ft —c ft —c ft —c 

h m m лл А е == 

3 15.36 19.6 374 256 587 277 961 

5 10.39 100 1150 325 746 425 1900 

7 177 252 2050 395 848 647 2900 
10 5.60 590 3350 491 953 1080 4300 
15 3.82 1310 4910 629 1070 1940 5980 
20 2.90 2130 5860 750 1140 2880 7000 
25 2.36 2980 6390 856 1180 3840 7570 
30 2.00 3820 6620 945 1210 4760 7830 
35 1.74 4650 6640 1020 1220 5670 7860 
40 1.55 5440 6490 1090 1220 6530 7710 
45 1.41 6170 6170 1160 1220 7330 7390 
50 1.30 6850 5750 1210 1200 8060 6950 
55 122 7450 5220 1270 1180 8720 6400 
60 CIS 8000 4620 1310 1150 9310 5770 
65 1.10 8470 3950 1350 1090 9820 5040 
70 1.06 8860 3230 1390 1020 10250 4250 
75 1.04 9160 2450 1420 930 10580 3380 
80 1.02 9380 1650 1440 834 10820 2480 
85 1.01 9510 833 1460 728 10970 1560 
90 1.00 9570 00 1480 615 11050 615 


The solar altitude, kh, is expressed in angular units, the illumination, 7, in foot-candles. 
The subscripts P and A designate the evaluation of illumination on the perpendicular 
(facing the sun) and horizontal planes. The additional subscripts, d, s, and t, designate 
direct sunlight, sky light and total light (direct sunlight plus sky light). 


25: Jones, L. A., and Condit, H. R., Journ. Opt. Soc. Amer., vol. 38, p. 147, 1948. 


TABLE 820,.—MEAN INTENSITY J FOR 24 HOURS OF SOLAR RADIATION ON A 
HORIZONTAL SURFACE AT THE TOP OF THE ATMOSPHERE AND 
THE SOLAR RADIATION A, IN TERMS OF THE SOLAR RADIATION, 
A, AT EARTH'S MEAN DISTANCE FROM THE SUN 


Motion of Relative mean vertical intensity L 

the sun A Ao 
ГЕ Latitude north 

longi- Бретт” \ 4 


Date Не 0° 10° 209 30° 40° 50° 60° 709 809 905 E 
jan. 1 0299 303 265 220 .169 117  .066  .018 10535 
Feb. 1 31.54 .12 282 244 200 150 100 .048 .006 1.0288 
Мағ. 1 59.14 .320 303 2792 245 204 158 108 .056 413 1.0173 
Ар 3970 3/ .19 .312 295 200 235 195 145 101 052 8880009 
МӘРЕ 29 502 .318 330 39 20-522 787 2538 225550 255 ‚9841 
June 1 14982 287 315 .334 .345 .49 .345 337 .344  .360  .366 9714 
ШЕР 390 283 32 353 247 52 951 345 T350 T3 mE S7] „9666 
Aug. 1 20904 2094 .316 .330 .334 .330 .38 300 282 2095 .300 ‚9709 
Sepe 50° 20 2188 .316 .05 25 25 .220 180 159 ай 9828 
ос ШО27007 3І7 .308 289 261 225 193 155 064. 005 ‚9995 
Nov. 1 300.63 .12 28% 251 21 164 114 .063  .018 1.0164 
Dec. 1 330.19 .304 .267 .224 175 124 .072 .024 1.0288 
Neap 305. .301 9 8 241 29 173 144 133 106 





Average annual solar energy received per square dekameter of horizontal surface in kilowatt 
hours. U. S.: Lincoln, 160,906; Mount Weather, 148,824; Washington, 145,403; New York, 
106,460; Chicago, 97,856. Other countries: Toronto, 139,523; Johannesburg, 175,696; Davos 
Platz, 174,043; South Kensington, 78,569; Stockholm, 79,267. 
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TABLE 821.—MEAN MONTHLY AND YEARLY TEMPERATURES, °С 


Mean temperatures of a few selected American stations, also of one station of very high and 
two of very low temperature, and one of very great and one of very small range of temperature. 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year 

1 Hebron-Rama (Labr.). —20.7 —20.9—15.6— 69+ .2+ 4.5 + 7.6 + 8.0+ 4.5 — .8— 6.2 —16.2 — 5.2 

2 Winnipeg (Canada) ..—21.6—18.8 —11.0 + 1.9 +10.9 +17.1 +18.9 +17.6 +11.6 + 4.1— 7.6 —15.7 + .6 

3 Montreal (Canada) ... —10.9 — 9.1 — 4.3 + 4.8 +12.6 +18.3 +20.5 +19.3 +14.7 + 7.8— .2— 7.14 5.5 

ДУО ЕОНИ Л ce — 2.8 — 2.2 + 1.2 + 7.3 +13.6 +19.1 +21.8 +20.6 +16.9 +11.1 + 4.8— .5-- 9.2 

S- Chicagon ш ыл л» — 4.8 — 2.9 + 1.24 7.9 +13.4 +19.7 +22.2 +21.6 +17.9 +11.1 + 3.6— 1.5 + 9.1 

OsDenver 2 ee се — 2.1 + .1+ 3.8 + 8.3 +13.6 +19.1 +22.1 +21.2 +16.6 +10.3 + 3.3 .0 + 9.7 

ТЕХ аз пеп ......... + 2+ 2.1 4+ 5.2 +11.7 +17.7 +22.9 +24.9 +23.7 +19.9 +13.4 + 6.9 + 2.3 +12.6 

а nono —16.4 —15.6 —13.4 —10.4 — 5.3 + .4+ 4.5 + 3.6— .3— 5.8 —11.8 —14.4 — 7.1 

mest Рона Ил бележи — 84+ 1.7 + 6.2 +13.4 +18.8 +24.0 +26.0 +24.9 +20.8 +14.2 + 6.4 + 2.0 +13.1 

ТО зап Егапсіѕса ....... +10.1 +10.9 +12.0 +12.6 +13.7 +14.7 +14.6 +14.8 +15.8 +15.2 +13.5 +10.8 +13.2 
Muma e E oneee +12.3 +14.9 +18.1 +21.0 +25.1 +29.4 +33.1 +32.6 +29.1 +22.8 +16.6 +13.3 +22.3 
12 New Orleans ........ +12.1 +14.5 +16.7 +20.6 +23.7 +26.8 +27.9 +27.5 +25.7 +21.0 +15.9 +13.1 +20.4 
+ Massaua ЖЖС... +25.6 +26.0 +27.1 +29.0 +31.1 +33.5 +34.8 +34.7 +33.3 +31.7 +29.0 +27.0 +30.3 
4 Ft. Conger (Greenl'd). —39.0 —40.1 —33.5 —25.3 —10.0 + .4 + 2.8 + 1.0 — 9.0 —22.7 —30.9 —33.4 —20.0 

15 Verkhoyansk ........ —51.0 —45.3 —32.5 —13.7 + 2.0 12.3 415.5 +10.1 + 2.5 —15.0 —37.8 —47.0 —16.7 
ааа ет ERE TIT +25.3 +25.4 +25.8 +26.3 +26.4 +26.0 +25.7 +25.9 +26.3 +26.4 +26.2 +25.6 +25.9 


Lat, Long., Alt. respectively : 


(1) + 58°5, 63°0 W, —; 


(2) + 49.9, 97.1 W, 233m; (3) + 45.5, 


73.6 W, 57m; (4) + 42.3, 71.1 W, 38m; (5) + 41.9, 87.6 W, 251m; (6) + 39.7, 105.0 W, 1613m; 
(7) + 38.9, 77.0 W, 34m; (8) + 38.8, 105.0 W, 4308m; (9) + 38.6, 90.2 W, 173m; (10) + 37.8, 
122.5 W, 47m; (11) + 32.7, 114.6 W, 43m; (12) + 30.0, 90.1 W, 16m; (13) + 15.6, 37.5 E, 9m; 
(14) + 81.7, 64.7 W, —; (15) + 67.6, 133.8 E, 140m; (16) — 6.2, 106.8 E, 7m. 


Note.—Highest recorded temperature in world — 57°C in Death Valley, California, July 
10, 1913. Lowest recorded temperature in world — — 68°C at Verkhoyansk, Feb. 
1892. 


TABLE 822.—TEMPERATURE VARIATION OVER EARTH’S SURFACE (HANN) 


Maximum values for month in italics. 


Temperatures °C Mean Land 
ocean surface 
Latitude Jan. Apr. July Oct. Year Range temp % 
North pole —41.0 —28.0 — 10 --24.0 —22.7 40.0 — 1.7 — 
+ 80“ —32.2 —22.7 + 2.0 --19.1 --17.1 34.2 -- 1.7 20 
70 --26.3 --14.0 7.3 -- 9.3 — 10.7 33.0 + 7 53 
60 — 16.1 — 2.8 14.1 + .3 — 1.1 30.2 4.8 61 
50 -- 7.2 + 5.2 17.9 6.9 + 58 251 7.9 58 
40 -- 5.5 13.1 24.0 157 14.1 18.5 14.1 45 
30 14.7 20.1 2753 218 20.4 12.6 2159 43.5 
20 21.9 25.2 28.0 26.4 25.3 6.1 25.4 2125 
+10 25.8 2/2 2/.0 26.9 26.8 1.4 2722 24 
Equator 26.5 26.6 257 26.5 26.3 ‚9 27.1 22 
--10 26.4 25.9 23.0 237 255 3.4 25.8 20 
20 25.3 24.0 19.8 22.8 23.0 5.5 24.0 24 
30 21.6 18.7 14.5 19.0 18.4 Zl 19.5 20 
40 15.4 12.5 8.8 117 11.9 6.6 13.3 4 
50 8,4 5.4 3.0 4.8 5.4 5.4 + 6.4 2 
60 3.2 — -- 9.3 -- -- 32 125 .0 0 
70 — 1.2 — —21.0 — — 12.0 19.8 — 1.3 71 
80 (— 4.3) —  (—287) —  (—20.6) (24.4) -- 100 
Зошћ роје (— 6.0) — (—33.0) —  (—25.0) (27.0) — (100) 
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Table illustrates temperature changes underground at moderate depths due to surface 
warming (read from plot for Tiflis, Lehrbuch der Meteorologie, Hann and Süring, 1915). 
Below 20-30 m (nearer the surface in Tropics) there is no annual variatton. Increase 
downward at greater depths, 0.03 2— *C per m (1? per 35 m) l.c. At Pittsburgh, 1524 m, 
49.4?, .0294 per m; Oberschlesien, 2003 m, 70?, .0294 per m; or West Virginia, 2200 m; 
707, .034? per m (Van Orstrand). Mean value outflow heat from earth’s center, 0.00000172 
с са! сп? вес”, ог 54 о са! сіп” уг”! (39 Laby). Open ocean temperatures: Greatest 
mean annúal range (Schott) 40° N., 4.2°C; 30° S.. 5.1° : but 10%., only 22°; 50° S., 2.9? 
Mean surface temp. whole ocean (Kritmmel) 17.4°: all depths, 3.9:. Below 1 km nearly 
isothermal with depth. In Tropics, surface 28°; at 183 m, 11°, 80 percent water less than 
44°. Deep-sea (bottom) temps. range —0.5° to +2.6°. Soundings in South Atlantic: 
No Zo kin 15°. 5 Кп, 8.39: 1 кт, 3,3253 Қтп, 1./2. 4,5. са, 0.6? 


Maximum values in boldíace. 


Temperature °C 


Depth, 
E. an Feb. Mar Apr. May June July Aug. Sept. Oct. Nov. Dec. 
0 1 4 10 14 21 29 32 22 24 16 9 4 
> 4 4 9 13 18 23 26 28 24 18 12 6 
1.0 6 6 8 12 15 20 24 26 2 18 14 10 
1.5 9 8 9 11 14 18 21 23 22 18 15 12 
2.0 11 10 10 11 13 16 19 21 21 18 16 14 
3.0 14 12 12 14 13 14 16 17 18 18 17 15 
4.0 15 19 12 ЈА 12 13 14 16 16 17 17 16 
5.0 15 14 13 13 13 13 14 14 15 16 16 16 
6.0 15 14 14 14 14 14 14 14 14 15 15 15 





TABLE 824..-—WOLF'S SUNSPOT NUMBERS, ANNUAL MEANS * => 


Sunspot number = k (10 X number of groups and single spots observed + total number 
of spots in groups and single spots). k depends on observer and telescope, equaling unity 
for Wolf with 3-in. telescope and power of 64. Wolf’s numbers are closely proportional 
to spotted area on sun, 100 corresponds to about 1/600 of visible disk covered (umbras 
and penumbras). Periodicity: successive outbursts about 11 years apart, extremes 7.3 
years and 17.1 years. See references for daily and monthly values. 

Smoothed monthly numbers are formed from monthly means of observed number by 
weighting the sixth months preceding and following 1, all 11 intervening months 2. 


Smoothed monthly sunspot numbers, annual means 


Maximum and minimum values for period in boldface 








Year 0 1 2 3 4 5 6 7 8 9 
1750 83.1 5242 45.9 28.9 13:5 9.3 12.2 31.9 47.2 54,5 
1760 64.7 80.2 60.1 48.5 36.7 21.4 14.2 35,9 66.8 103.4 
1770 98.5 86.7 65:7 39.7 2725 8.8 ЭЛ 022 1513 1234 
1780 89.2 66.5 38.7 225 10.3 26.7 812 1282 1333 1170 
1790 90.6 67.6 59.5 47.3 38.5 24.0 15.6 6.5 4.6 6.9 
1800 15.0 33.7 44.1 43.0 46.8 42.5 27.9 11.6 7.6 3.1 
1810 0 1.7 4,5 12A 15:5 35. 46.1 39.8 30.0 23.4 
1820 16.6 6.6 4.0 2.6 8.3 16.9 39.3 51.6 62.1 67.1 
1830 67.2 50.5 26.3 9,4 13.3 591 1211 1370 103.4 83.4 
1840 61.9 38.5 23.0 13.2 17.7 38.4 59.7 07.3 125.0 95.4 
1850 69.8 63.2 52.8 38.6 21.0 he 5.2 23.0 56.3 90.3 
1860 94.8 y 61.1 45.4 45.2 31.4 14.7 8.8 36.9 78.6 
-1870 1318 1138 99.7 67. 43.1 18.9 177 11.0 3.9 7 
1880 31.6 54.4 58.1 65.4 63.3 52 25.1 12.6 7.0 6.3 
1890 8.4 277 70.0 83.7 79.1 015 43,1 Zor! 24.6 13.8 
1900 8.8 3.4 527 23.0 44.1 58.7 60.3 56.0 512 40.6 
1910 21.0 6.5 3.4 2.2 11.8 46.4 59.1 96.2 83.1 65.9 
1920 36.9 27.0 13.0 6.3 16.8 43.7 66.5 70.0 74.5 62.0 
1930 38.8 ДІГІ 121 5.9 9.4 36.5 796 1132 1859 89.6 
1940 66.8 50.5 30.3 15. 11.1 36.4 017 1456 1412 1347 
1950 83.9 69.4 





* Prepared hy Allan F. Cook II. 

?55 Astron. Mitt. Zürich, No. 145. 1945; Tourn. Geophys. Res.. C |. Sol 
Astron. Mitt Zurich: Terr. Mag.; Journ. Geophys. Res., Trans. Int. Astron. Union Quart. Hu a 
Activity; .\merican Sunspot Number Reductions, Centra! Radio Propagation Laboratory, ationa 


Bureau of Standards. 


vol. S4. p. 347. 1949; Waldmeier, M., 
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Astronomy, including astrophysics, is a study of the geometry and physics of 
the heavenly bodies and the material in the intervening space. This experi- 
mental science requires some very special apparatus—in general, used in con- 
nection with large telescopes. Table 825 gives a list of the larger telescopes 
that are now (1949) in active scientific use. Some definitions and standards 
and other data on astronomy follow. 


* These tables were prepared under the supervision of D. H. Menzel, of Harvard University, and 
Edith Janssen Tebo, of Harvard College Observatory. 


TABLE 825.—THE LARGEST TELESCOPES IN ACTIVE SCIENTIFIC USE 


(1949) t 
Reflectors 
(60-inch mirrors and larger) 

Halle Telescope, Palomar Mounrtàin, Са О 5 А а. 22: 200-inch 
Hooker Telescope, Mount Wilson, СаПһ4, О. 5. А............................. 100-inch 
MacDonald Observatory, Мошт Госке, Тех., О. 5. А......................... 82-inch 
Radcliffe Observatory, Pretoria, south па Т И УУ 76-inch 
David Dunlap Observatory, Richmond Hill, Ontario, Canada................. 74-inch 
Dominion Astrophysical Observatory, Victoria, B. C., Canada................. 72-inch 
BerkinssObservatory, Delaware, Ohio, US. 28... 200 oe ee eee 69-inch 
Wyeth Reflector, Harvard Observatory, Oak Ridge, Mass., U. S. D. о И 61-inch 
Southern Station of the Harvard Observatory, Bloemfontein, South Africa..... 60-inch 
Mount Wilson Observatory, Mount Wilson, Саіії., О. 5, А.................... 60-inch 
Cordoba Observatory, Bosque Alegre Argentinaca ao eree. Sa 60-inch 

Refractors 

(30-inch lenses and larger) 

Yerkes Observatory, Williams Bay. Wis, UTS A errereen TIE 40-inch 
Lick Observatory, Mount Hamilton, Calif., U: OA ae ea eee 36-inch 
Astrophysical Section, Observatory of Paris, Mundon; Етапсе. 2277 33-inch 
Allegheny Observatory, Pittsburgh, Pa., U. SA E 4-. 30-inch 
University. of Parts Observatory, Nice, nance. pe сл = 30-inch 


Schmidt-type telescopes 
(of large aperture) 
48-inch correction plate, 72-inch mirror, Palomar Observatory, Calif., U. S. A. 
24-inch correction plate, 36-inch mirror (Burrell Telescope), Warner & Swasey Observa- 
tory, Case Institute of Technology, Cleveland, Ohio, U. S. A. 


24-inch correcting plate, 33-inch mirror (Jewett Telescope) Harvard Observatory, Oak 
Ridge, Mass., U. S. A. 


+ Prepared by J. J. Nassau, Case Institute of Technology. 


TABLE 826.—APPROXIMATE EQUATION OF TIME ** 


The equation of time in this table is to be added algebraically to local apparent solar time to 
obtain /ocal mean solar time. 

Accurate values of the equation of time may be obtained from the American Ephemeris and 
Nautical Almanac. 


nin 


min min min 

Лап. 1 + 3 Арг. 1 + 4 July 1 + 4 Oct. 1 --10 
11 + 8 11 + 1 11 + 5 11 —13 

21 +1] 21 -- 1 21 + 6 21 —15 
Feb. 1 +14 Мау 1 — 3 Aug. 1 + 6 Nov. 1 —16 
11 +14 11 -- 4 11 + 5 11 —16 

21 +14 21 — 4 21 + 3 21 —14 
Маг. 1 +13 June 1 —2 бері. 1 0 Dec. 1 —11 
11 +10 11 — 1 11 — 3 11 -- 7 

21 + 8 21 + 1 21 — 7 21 — 2 





** Prepared by G. M. Clemence, U. S. Naval Observatory. 
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Aberration constant.—20°47 (conventional value; work of Doolittle, Spencer Jones, 
and others, indicates a value of 20750). 

Aphelion.—Point where earth is farthest from зип = 1.520 X 10" cm. 

Astronomical unit (A. U.)— Distance: mean distance earth to sun, 149,500,000 km. 
(Conventional value, solar parallax 8°79 would give 149,700,000.) Mass: the combined 
mass of the sun and earth which means, practically, the sun's mass = 1.987 Х 10® g. 

Color index.—Ordinary stellar magnitudes are supposed to correspond to observations 
with the normal eye. This is by no means easy to define, for the brightness of a red star 
compared with a white, appears greater when the amount of light entering the eye is 
increased for both in the same ratio (Purkinje effect) for low brightness. 

Owing to differences in the actual distribution of the energy with wavelength, the rela- 
tive brightness of stars of different temperatures and colors measured with receptors 
sensitive to different spectral regions vary greatly. 

On ordinary photographs, red stars appear much fainter than to the eye. If the measures 
are calibrated so that the visual and photographic magnitudes average the same for spec- 
tral class A, the difference for any other group of stars is called color index. This ranges 
from about —0".3 to + 1.8 for class M and reaches 5" for the reddest stars of class №. 

The difference in color index between the two standard types, e.g., JO and KO is 
called the color-equation. It varies over a wide range with the spectral sensitivity of the 
n very large and positive for the violet and ultraviolet and negative for the red and 
infrared. 

Photoelectric devices, combined with screens and measurable transmission have at last 
provided standard systems for stellar photometry of at least approximately definite physi- 
cal significance for spectral regions ranging from the ultraviolet to the infrared. Radio- 
metric magnitudes correspond to the measures of the whole observable energy radiation. 

Bolometric magnitudes are supposed to represent the total energy radiation of all wave- 
lengths, and must be found bv calculation. 

Date line.—Established by convention not far from the 180th meridian from Green- 
wich. Where the line runs across a group of islands, the change of the date line 1s diverted 
to one side so that the group has the same day. Ships crossing from the east, skip a day; 
going east, count the same day twice. 

Day.—Mean solar Фау = 1,440 minutes — 86,400 seconds = 1.0027379 sidereal day. 
Sidereal day (ordinary, two successive transits of vernal equinox, might be called equinoc- 
tial day) — 86,164.09054 mean solar seconds — 23 hr, 56 min, 4.09054 sec mean solar time. 

Two successive transits of same fixed star — 86,164.09967 mean solar seconds. 

Declination.—Ií 5 = 4десйпаноп, № hour angle measured west from meridian, A, 
altitude, ¢, latitude and A, azimuth measured from S. point through W. Then 


sin k = sin ¢ sin 6+ cos ¢ cos à cos t | 
cos h cos A = — cos ¢ sin ô + sin ¢ cos ô cos ¢ pgiven ð, t, $ 
cos h sin A= cos ô sin ? 


біп б -- біп ф sin h — cos $ cos h cos A) 
cos ô cos t — cos ¢ sinh + sin ¢ cos ht cos A egivenh, А, ф 
cos 0 sin f= cos h sin A 


Delaunay's y — sin 1/2 / — 0.04488716 (Brown). 

Dip of horizon.—In minutes of arc — V eievation in ft (approximately). 

Earth.—Mean r = 6.3712X 10° cm. Equatorial diameter — 12,756.78km ; polar diameter 
— 12,713.82 km. Area = 5.10110" cm’. Angular velocity = 72.9 10™ radians/sec. Volume 
= 1.083107 cm*, Mass = 5.97510" g. Density = 5.517 g/cm*. Mean distance to sun = 
1.495 10"cm. Distance to the moon = 3.844X10%cm. Light traverses mean radius of 
earth's orbit in 498.6 sec. Semimajor axis orbit — 1.4950 10? cm; semi ninor axis — 
1.4948Х 103 ст. Viscosity = 10.910" cgs. Velocity of equatorial point on earth, because 
of rotation: 1,050 mi/hr — 1,550 ft/sec — 1,650 km/hr — 460 m/sec. In orbit: 18/5 mi/sec 
— 30 km/sec. See Tables 831 and 833. Rotational energy — 2.16XK 10" erg. 

Earth's orbital velocity — 18.5 miles/second. 1,550 ft/sec (rotation at Equator). 

Eccentricity of earth's orbit — e — 0.01675104 — 4.180x(107* (1 — 1900) — 1.26% 107" 
t — 1900)“. 
| Eccentricity of moon’s Suet = pers (Brown). 

Gal.—Unit of gravity acceleration = 1 cm sec™. 

General КЕ езгісі (westward movement of the equinoxes) — 5072564 -- 07000222 
(t — 1900) per year (Newcomb). Probably requires correction of about -!- 0:01. See 
Tabie 838. А 

Gravitation constant — (6.670 + 0.005) X 10° dyne cm? g`° (Heyl, 1930). 

Gravity, acceleration due to, g = 978.0495 cm sec? (conventional value at sea level at 
equator. See Table 802). Unit, gal — 1 cm ес”. 


* Prepared by G. M. Clemence, U. S. Naval Observatory. 


(continued) 
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TABLE 827.—MISCELLANEOUS ASTRONOMICAL DATA (continued) 


Heat index.—Radiometric (heat or bolometric), zero taken to agree with Class AO, 
(radiometric — visual magnitude) = heat index, + for red stars. 

Horizon.—Distance at sea is approximately, miles = V (3/2) height in feet. Local 
refraction (mirage) may introduce large percentage changes in either direction for obser- 
vations from altitudes of 30 feet or less. 

Inclination of moon’s orbit = I = 5?843.5" (Brown). 

julian period, 1950 — 6663.— January 1, 1950, Julian-day number — 2433283. 

Latitude variation.—The direction of the axis of the earth in space changes approxi- 
mately 2075 per year owing to precession. The change is roughly periodic іп 25,800 years 
with an amplitude of 23?5. This does not affect terrestrial latitudes, but a variation in 
them is caused by a shift of the earth's body about this axis. The two ascertained com- 
ponents of the polar motion have periods of 1.00 and nearly 1.20 years (the annual and 
Chandlerian components, respectively), so that the oscillations in X and Y, as well as the 
resultant total motion have variations in amplitude with a "beat period" of about 6 years. 
In contrast to the annual terms, Chandler's term shows striking variations in amplitude. 
There is, further, a variation in the period of the Chandlerian term (1.18, 1.20, 1.17, 1.15, 
1.19 years) which appears nearly proportional to the corresponding amplitude variations 
according to the relation P = 0.185 A +1.128, where P is the period in years and А «ће 
amplitude in 0701 units. (See T. Nicolini, appendix to Commission 19 Report, Trans. Int. 
Astron. Union, Zurich, 1948.) 

Light, velocity of. —(Mean value) in vacuo, 299773 + 10 km sec” (Dorsey). 

299792.5 + 0.8 km sec” (Bearden). 
299776 + 0.00004 km sec” (Birge). 


Light year.—The distance light travels in 1 year = 9.5 X 10” kilometers = 5.9 X 10” 
miles. Light traverses mean radius of earth’s orbit in 498.6 sec. 

Lunar inequality of earth = L = 6.454" 

Lunar node d — daily motion = — 02052954. 

Lunar parallax = 3422.70” (Brown). 

Lunar perigee, daily motion = + 0°111404. 

Lunar-solar precession = fp’ = 50.3714” per year (De Sitter, 1927). Of this 0.0191”, 
Einstein, orbital motion earth. 

Magnitudes.—The observed intensity of light received on the earth from astronomical 
bodies ranges over a factor exceeding 10°. It is therefore expressed on a logarithmic 
scale—the system of stellar magnitudes. This system, which was adopted by Hipparchus 
more than 2,000 years ago, is closely represented by the equation 


m —2.5 log: (1/1) 


where / is the observed light and Jo a standard value corresponding roughly to the light 
of Arcturus or Vega. Decrease of light by a factor of 100 increases the stellar magnitude 
by 5.00; hence the brightest objects have negative magnitudes. (Sun: — 26.8; mean full 
moon: — 12.5; Venus at brightest: — 4.3; Jupiter at opposition: — 2.3; Sirius: — 1.6; 
Vega: 4-0.2; Polaris: 4- 2.1). The faintest stars visible to the naked eye on a clear dark 
night are of about the sixth magnitude (though on a perfectly black background the limit 
for a single luminous point approaches the eighth magnitude). The faintest stars visible 
with a telescope of aperture A (in inches) is one approximately of magnitude 9+ 5 
log: A. The magnitude of the faintest stars which can be photographed with the 200-inch 
telescope is about + 22.7. The apparent magnitude of a standard candle at a distance of 
I meter is — 14.2. 

Absolute magnitude, M, is that which the body would exhibit if placed at a distance of 
10 parsecs, and corresponds to its actual luminosity. For a star of magnitude m, and 
parallax p, in seconds of arc 


M=m+5-+ Slog p 


For the sun, M — 4- 47. The brightest stars probably exceed M — — 7 and the faintest 
observed value is M = + 18, a range of 10". The full moon (could it be observed without 
o s {гот the standard distance) would have M — 4- 32 and a standard candle 

Mean distance earth to moon — 60.2678 terrestrial radii. 

— 384,411 kilometers — 238,862 miles. (See Table 834.) 

Mean distance earth to sun — 149,500,000 kilometers — 92,900.000 miles. (See As- 
tronomical unit.) See Table 833. 

Month.——Sidereal — 27.321661 days, synodical (ordinary) — 29.530588 days (Brown). 

Nutation constant (periodic motion of celestial pole) = 9.21", conventional value; 
9.207. Principal in long = A Ф = (—17.234" — .017" T) sin Q; principal term in obliq- 
uity = A e = (+ 9.210 + .0009 T) cos Q (Newcomb). T centuries from 1900. 

Obliquity of ecliptic = 23°27'8.26” — 0.4684 (t — 1900)” (Newcomb). 


(continued) 
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TABLE 827.—MISCELLANEOUS ASTRONOMICAL DATA (concluded) 


Parallactic inequality moon — Q — 124785" (Brown.) 

Parsec.—Distance of star whose parallax is 1 sec — 31 X. 10? km = 19.2 X. 10? miles 
= 9.203 ligħt years. 

Perihelion.—Point where earth is nearest sun = 1.4700 X 10" cm. 

Planetary precession = \ = 0.1247” (Newcomb). 

Pole of Milky Way =R. A., 12 hr 48 min; Dec., + 27° 

Refraction.—r in. (^) — [983 X (barometer in in.)/(460 + t°F)] tan Z, where Z = 
zenith distance. Error < 1", Z < 75°, ordinary ¢ and pressure. 

Solar diameter = 864,408 miles. 

Solar parallax = 8-80 (conventional value), 8779 (Newcomb, Spencer Jones). 

Sun.—r = 6.965 K 10cm. Area = 6.093 х 10“ ст“. Volume = 1.412 X 108 ст". Mass 
— 1.987 Х 10* р. Density = 1.41 g/cm*. Mean distance to earth 1.495 x; 10? cm. See 
Table 831. 

Twilight.—There are three definitions of twilight: civil, nautical, and astronomical. 
Civil twilight lasts until the sun is about 6° below the horizon, after which motor-car 
lights must be turned on. Nautical twilight lasts until the sun is about 12° below the 
horizon. This is the limit for observations of stars with the sea horizon. Astronomical 
twilight 1s considered to end when the sky is dark in the zenith. It lasts until the sun is 
about 18° below the horizon. For latitudes > 50° there is a faint twilight at midnight 
in midsummer. 

Year.—Anomalistic (two successive passages of the perihelion) = 365.25964134 + 3.04 
~ 107" (# — 1900) days. Eclipse (time taken by sun to pass from a node of the moon's 
orbit to the same node) = 346.620031 + 3.2 « 107 (# — 1900) days. Sidereal (irom given 
star to same star again) == 365.25636042 + 1.1 & 10°° (¢ — 1900) days. Tropical (ordinary) 
(two successive passages of vernal equinox by sun) = 365.24219879 — 6.14 « 10° 
(t — 1900) days. 


TABLE 828.—ELEMENTS OF SOLAR MOTION * 


Because of the asymmetry in stellar motions (Table 876), determinations of the speed 
and direction of the sun's motion are very sensitive to the selection of stars to which 1t is 
referred. Ideally we wish to refer the sun's motion to the circular velocity with respect to 
the galactic center; this may be called the basic solar motion. It is possible to determine 
this basic solar motion from detailed studies of the distribution of motions among nearby 
stars and it is found that such a determination made from the giant A stars is in excel- 
lent agreement with an independent determination from the A stars (Janssen and Vyssot- 
sky). This value is given in the last line of the table. The figures listed for the first five 
groups are smoothed values obtained from a combination of the best observational re- 
sults." The values for the next four groups come from investigations made at Leiden, 
Mount Wilson, and McCormick Observatories. Fhe solar motion with respect to B stars, 
c-stars, and Cepheids is difficult to determine satisfactorily because of uneven distribu- 
tion in space, very small proper motions, etc. 





Coordinates of the apex 





Stellar group Solar Gal Gal 

of reference velocity RA Dec long lat 
Boo A E .............. 16 km/sec 263° +20° ШЕ 4 24“ 
О В ааа. 17 266 4-23 15 4-22 
JS en (G0. 4 Lee rere 18 269 +26 18 4-21 
legno HE ....... 20 273 --29 23 +19 
О МОН Ко с соса и 22 276 4-31 24 ЕЕ? 
ЧЕ МИН... а... 23 275 4-44 39 +22 
ПР а ин . 29 265: --38: 30: +28: 
оте бег уат ........... 54 295 +46 47 +10 
DISP Be Var ie ss. 130 297 те 53 218 
Basic solar motion......... 15 260 +17 7 2-25 








* Prepared by A. N. Vyssotsky, University of Virginia. 
256 Astron. Journ., vol. 53, p. 87, 1948. 
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792 TABLE 829.—PERPETUAL CALENDAR * 


This calendar gives the day of the week for any known date from the beginning of the Christian 


Era down to the year 2400. 
Dominical letters 


Julian Calendar Gregorian Calendar 


о н А АӰƏӰӮЎСӰ С 
Century 0 100 200 300 400 500 600 1500 1600 1700 1800 1900 
700 800 900 1000 1100 1200 1300 2000 2100 2200 2300 


Үеаг 1400 1500 f 

0 DC ED FE GF AG BA CB --- ВА С Е С 

1 29 57 85 В С D E F G A F G B D F 

2 30 58 86 A B e D E F G E F A C E 

3 31 50597 G А В С D E F D E G B D 

4 32 60 88 FE GF АС ВА СВ РС ED CB DC FE АС СВ 

5 32 01 89 р Е Е С А В С А В р Е А 

6 34 62 90 С D E F G A B G A C E G 

7035903 91 B C D E F G A F G B D F 

8 36 64 92 AG BA CB DC ED FE GF Ер ЕЕ АС СВ ED 

0 37 65 93 Е с А В С D E C D F A C 
10 38 66 94 E F G A B С D B C E G B 
11 39 67 95 D Е Е С А В С А В р Е А 
12 40 68 96 CB DC ED FE GF AG BA GF AG CB ED GE 
13 41 69 97 A B C D E F G E F A C E 
14 42 70 98 G A B C D E F D E G B D 
15 43 71 9 F G А В C D E C D F А С 
16 44 72 ЕР ЕЕ СЕ АС ВА СВ РС —— CB ED GF BA 
17 45 73 e D E F G A B --- А С Е С 
18 46 74 В C D E F G А — С В D F 
19 47 75 А В С D E F G ---- Е А С Е 
20 48 76 GF AG BA CB DC ED FE —— ED GF BA DC 
21 49 77 E F G A B С р —— С Е С В 
22 50 78 D E F G А В (E —— B D F A 
239510 79 С р Е Е С А В есе A С Е С 
24 52 80 ВА CB DC ED FE GF АС —— GF BA DC FE 
25 52 51 С А В @ D E F —— E G B D 
26 54 82 Е с А В С D E C D F A С 
27 55 83 Е Е С А B C D B C E G B 
28 56 84 DC ED FE GF AG BA CB AG BA DC FE AG 

Month Dominical letter 

Jan., Oct. A B С р Е Е с 

Feb., Mar., Хоу. D E F G A B C 

Apr., July G A B C D Е Е 

Мау В (С р Е Е С А 

Јипе Е Е а А В С р 

Aug. С D E F G A B 

Sept., Dec. F G A B C D E 

1 8 15 22 29 Sun. Sat. Fri. Thurs. Wed. Tues. Mon. 

2 9 16 23 30 Моп. Зип. Sat. Fri. Thurs. Wed. Tues. 

3 10 17 24 31 Tues. Mon. Sun. Sat. Fri. Thurs. Wed. 

4 11 18 25 Weed. Tues Mon Sun Sat. Еті. Тћигз. 

5 12 19 26 Thurs. Wed. Tues. Mon. Sun. Sat. Fri. 

6 13 20 27 Fri. Thurs. Wed. Tues. Mon. Sun. Sat. 

7 14 21 28 Sat. Fri. Thurs. Wed. Tues. Mon. Sun. 


To find the calendar for any year of the Christian Era, first find the Dominical letter for the 
vear in the upper section of the table. Two letters are given for leap years; the first is to be used 
for January and February, the second for the other months. In the lower section of the table, 
find the column in which the Dominical letter for the year is in the same line with the month 
ог шеп the calendar is desired; this column gives the days of the week that are to be used with 
the month. 

E.g., in the table of Dominical Letters we find that the letter for 1951 is G; in the line with 
July, this letter occurs in the first column; hence July 4, 1951, is Wednesday. 


* Prepared by G. M. Clemence, U. S. Naval Observatory. t On and before 1582, Oct. 4 only. f On 
and after 1582, Oct. 15 only. 
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TABLE 830.—JULIAN DAY CALENDAR * 733 


Days are numbered consecutively, beginning with the number 0, from Greenwich mean noon 
on Jan. 1, 4713 B.C. The number of days since that time that have elapsed at Greenwich mean 
noon on any given date is the Julian Day Number of that day. 

For A.D. 0 to A.D. 1580 inclusive, the Julian Day Numbers in this table are the days elapsed 


at Greenwich mean noon up to January 0 of the Jul 


ian Calendar in each leap year. 


For 1584 to 2096 inclusive, the Julian Day Numbers are for January 0 of the Gregorian Calen- 
dar, except that in 1700, 1800, and 1900, which were not leap years, theysare for January — 1. 


ice 


A.D. 0 100 200 300 400 500 600 700 800 900 
0 1721057 1757582 1794107 1830632 1867157 1903682 1940207 1976732 2013257 2049 
4 1722518 1759043 1795568 1832093 1868618 1905143 1941668 1978193 2014718 2051243 
8 1723979 1760504 1797029 1833554 1870079 1906604 1943129 1979654 2016179 2052704 
12 1725440 1761965 1798490 1835015 1871540 1908065 1944590 1981115 2017640 2054165 
16 1726901 1763426 1799951 1836476 1873001 1909526 1946051 1982576 2019101 2055626 
20 1728362 1764887 1801412 1837937 1874462 1910987 1947512 1984037 2020562 2057087 
24 1729823 1766348 1802873 1839398 1875923 1912448 1948973 1985498 2022023 2058548 
28 1731284 1767809 1804334 1840859 1877384 1913909 1950434 1986959 2023484 2060009 
32 1732745 1769270 1805795 1842320 1878845 1015370 1951895 1988420 2024945 2061470 
36 1734206 1770731 1807256 1843781 1880306 1916831 1953356 1989881 2026406 2062931 
40 1735667 1772192 1808717 1845242 1881767 1918292 1954817 1991342 2027867 2064392 
44 1737128 1773653 1810178 1846703 1883228 1919753 1956278 1992803 2029328 2065853 
48 1738589 1775114 1811639 1848164 1884689 1921214 1957739 1994264 2030780 2067314 
52 1740050 1776575 1813100 1849625 1886150 1922675 1959200 1995725 2032250 2068775 
56 1741511 1778036 1814561 1851086 1887611 1924136 1960661 1997186 2033711 2070236 
60 1732972 1779497 1816022 1852547 1889072 1925597 1962122 1998647 2035172 2071697 
64 1744433 1780958 1817483 1854008 1890533 1927058 1963583 2000108 2036633 2073158 
68 1745894 1782419 1818944 1855469 1891994 1928519 19650441 2001569 2038094 2074619 
72 1747355 1783880 1820405 1856930 1893455 1929980 1966505 2003030 2039555 2076080 
76 1748816 1785341 1821866 1858391 1894916 1931441 1967966 2004491 2041016 2077541 
80 1750277 1786802 1823327 1859852 1896377 1932902 1969427 2005952 2042477 2079002 
84 1751738 1788263 1824788 1861313 1897838 1934363 1970888 2007413 2043938 2080463 
88 1753199 1789724 1826249 1862774 1899299 1935824 1972349 2008874 2045399 2081924 
92 1754660 1791185 1827710 1864235 1900760 1937285 1973810 2010335 2046860 2083385 
96 1756121 1792646 1829171 1865696 1902221 1938746 1975271 2011796 2048321 2084846 
A.D. 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 
0 2086307 2122832 2159357 2195882 2232407 2268932 2305447 23419711 23784954 2415019+ 
4 2087768 2124293 2160818 2197343 2233868 2270393 2306908 2343432 2379956 2416480 
8 2089229 2125754 2162279 2198804 2235329 2271854 1308369 2344893 2381417 2417941 
12 2090690 2127215 2163740 2200265 2236790 2273315 2309830 2346354 2382878 2419402 
16 2092151 2128676 2165201 2201726 2238251 2274776 2311291 2347815 2384339 2420863 
20 2093612 2130137 2166662 2203187 2239712 2276237 2312752 2349276 2385800 2422324 
24 2095073 2131598 2168123 2204648 2241173 2277698 2314213 2350737 2387261 2423785 
28 2096534 2133059 2169584 2206109 2242634 2279159 2315674 2352198 2388722 2425246 
32 2097995 2134520 2171045 2207570 2244095 2280620 2317135 2353659 2390183 2426707 
36 2099456 2135981 2172506 2209031 2245556 2282081 2318596 2355120 2391644 2428168 
40 2100917 2137442 2173967 2210492 2247017 2283542 2320057 2356581 2393105 2429629 
44 2102378 2138903 2175428 2211953 2248478 2285003 2321518 2358042 2394566 2431090 
48 2103839 2140364 2176889 2213414 2249939 2286464 2322979 2359503 2396027 2432551 
52 2105300 2141825 2178350 2214875 2251400 2287925 2324440 2360964 2397488 2434012 
56 2106761 2143286 2179811 2216336 2252861 2289386 2325901 2362425 2398949 2435473 
60 2108222 2144747 2181272 2217797 2254322 2290847 2327362 2363886 2400410 2436934 
64 2109683 2146208 2182733 2219258 2255783 2292308 2328823 2365347 2401871 2438395 
68 2111144 2147669 2184194 2220719 2257244 2293769 2330284 2366808 2403332 2439856 
72 2112605 2149130 2185655 2222180 2258705 2295230 2331745 2368269 2404793 2441317 
76 2114066 2150591 2187116 2223641 2260166 2296691 2333206 2369730 2406254 2442778 
80 2115527 2152052 2188577 2225102 2261627 22981524 2334667 2371191 2407715 2444239 
84 2116988 2153513 2190038 2226563 2263088 22996038 2336128 2372652 2409176 2445700 
88 2118449 2154974 2191499 2228024 2264549 2301064 2337589 2374113 2410637 2447161 
92 2119910 2156435 2192960 2229485 2266010 2302525 2339050 2375574 2412098 2448622 
96 2121371 2157896 2194421 2230946 2267471 2303986 2340511 2377035 2413559 2450083 
2000 2451544 2020 2458849 2040 2466154 2060 2473459 2080 2480764 
2004 2453005 2024 2460310 2044 2467615 2064 2474920 2084 2482225 
2008 2454466 2028 2461771 2048 2469076 2068 2476381 2088 2483686 
2012 2455927 2032 2463232 2052 2470537 2072 2477842 2092 2485147 
2016 2457388 2036 2464693 2056 2471998 2076 2479303 2096 2486608 


о ии 


Days to be added to reduce to the beginning of each month: For dates from 1582 October 15 
to 1583 December 31, inclusive, Gregorian Calendar, diminish all numbers in this table by 10. 

In 1700, 1800, and 1900, Gregorian Calendar, for January 0 use the number I instead of the 
tabular value 0, and for February 0 use 32 instead of 31. 


и 


Year Јап. 0  Feb.0 Маг.0 Арг.0 Мау0 JuneO July0 Aug.0 Sept.0 Oct.0 Хоу.0 Dec. 0 
0 0 31 60 21 121 152 182 213 244 274 305 355 
1 366 397 425 456 486 S17 547 578 609 639 670 700 
2 731 762 70 821 851 882 912 943 974 1004 1035 1065 
3 1096 1127 1155 1186 1216 1247 1277 1308 1339 1369 1400 1430 


O O T n ен 


* Prepared by G. M. Clemence, U. S. Naval Observatory. t Julian Calendar. 
§ Gregorian Calendar. 


f For January — 1. 
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TABLE 831.—PHYSICAL DATA; PLANETS AND PRINCIPAL SATELLITES 


(From unpublished compilation by G. P. Kuiper and D. L. Harris, Yerkes Observatory.) 





Mean Mean Surface Velocity Rotation 

Planet or Mass * diameter t density gravity of escape period 

satellite (Earth — T) [run OS (Е = 1) km/sec (days) 
Месцгу а, пене о 0543 38 5.46 38 4.3 88.0 
епос. .8136 967 4.96 ‚87 10.4 15—30? 
БАШКЫ 22252. LT 1.0000 1.000 5.52 1.00 11.3 1.00 
М a. ee .1069 ‚525 4,12 „39 54 1.03 
pco T ED IL 318.35 10.97 1.33 2 05 61.0 ‚41 
Sa mme e... Ires 95.3 9.03 71 1.17 36,7 43 
гае BIS. . с... 14.58 22/2 1.56 1.05 22.4 .45 
Мер ее 17.26 3.38 2.47. 1.23 25.6 ‚66 
leor GTC TET TOT = | „45 < 55: © .5° ол 2 
MOSDEET a. 0123 277 3.33 16 2.4 2/3 
ШІ је. оке .0121 259 4.03 19 218 177 
[пр Ке АЕ... зт ‚0079 .226 3.78 .16 21 3.59 
Jameer .0261 .394 215 17 2.9 7.15 
ІШЕР 20.22.2 0160 4350 2.06 кі 2.4 16.69 
“АШИ E. Less 0235 ЙІ 2,54 17 2.8 15.95 
ОСО... о. 022 oon 2.8? .18? 2.8? 5.88 


* Mass of the Earth is 5.975 X 1027 grams; of the Sun 332,488 (1 + 0.00013) E = 1.987 X 10% grams; of the 
Moon (0.012289 + 0.000004) E = 7.343 X 10?5 grams. t Equatorial diameter of the Earth = 12,756.78 km; 
polar diameter 12,713.82 km; “теап diameter” 12,742.46 km. See Table 827 


TABLE 832.—PLANETARY TEMPERATURES 





Calculated 

Measured A B 

Mercury “(sunliteside)......c... E s 690° K 445° К OSTAR 
Venus. (dank < еј). Е. NETS 250 --- — 
СОЕ е) orm cS 330 327 464 
аа 0-2 99 20 287 277 392 
Moon (center of illuminated hemisphere)......... 400 277 392 
Blars (warmest DOrtions ia ere. e 285 222 316 
Прес е. ОРИ. о 135 122 273 
SIUE аза. „на. и О S 120 90 128 
Ianus 6. 5. И ИИ Е less than 90 63 89 
Neptune 97. С. с. n --- 51 72 


All temperatures are given on the absolute scale. To change to centigrade, subtract 273. 
The column headed "measured" presents values determined by Coblentz and Lampland, 
and by Pettit and Nicholson. The column headed “A” gives black sphere temperatures; 


"B" ges these multiplied by V2 or the calculated maximum temperatures of the center 
of the illuminated hemisphere of atmosphereless black planets. The observed values lie, 
as expected, between A and B in nearly every case. 


TABLE 833.—PLANETARY ORBITS * 22 


| Sidereal period 
Mean distance to Sun 


Mean Tropical Inclina- Eccen- 

Body AU km days years tion tricity 
Mercury C У .387 57.91 87.97 ‚241 7°004 ‚2056 
ИЕ муд» у eee ‚723 108.1 224.70 ‚615 3.394 0068 
Бата е 1.000 149.5 1 365.26 1.000 .000 .0167 
Мао dn ЖЕ 1.524 227.8 686.98 1.881 1.850 .0934 
ирег. а ee 5.203 777.8 4332.58 11.862 1.306 .0484 
Баби ЕТЕК 9.539 1426.1 10759.20 29.458 2.490 557 
Шали е 19.191 2869.1 30685.91 84.015 ‚773 0472 
Neptune cesce... 30.071 4495.6 60187.60 164.788 1.774 .0086 
Поа ЖЕ, NR 39.457 5898.9 90469.27 247.697 172143 ‚2485 





* Prepared G. P. Kuiper, Yerkes Observatory. М 

257 Nmerican Ephemeris and Nautical Almanac for 1950. 

ae us ti Mean distance in km computed from earth's equatorial radius (6378.388 km) and 
solar parallax of 8."80. Recent determinations by Spencer Jones (Monthly Notices, Roy. Astron. Soc., 
vol. 101, p. 356, 1941) and Rabe (Astron. Journ., vol. 55, p. 112, 1950) give 8.”790 + 0.”001 and 
8.°7984 + 0."0004, respectively. 
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Воду 
Earth 


° өе е ев е э э е е е е е 


Mars 
РҺоЬоз ........... 
ет тоз ....... «ар 


Jupiter 
ИИС Ls 
ИО ју са 
П игора ........ 
III Ganymede ..... 
ТУ Са а 


“мез««еечеаее«е«ве 


БІімрепоп ......... 
Даре ees verc 
Phoebe 


Uranus 
Miranda s... ones 
EN S. oe 
Umbriel 
Titania 
БЕ о... 
Neptune 


PEON esrb 
Чеге c.l 


* € * * 9 е е э ө ә € 


TABLE 834.—SATELLITE ORBITS * 


Mean distance 
from planet 
(k 


m) 


384,400 


9,400 
23,500 


181,200 
421,400 
670,500 
1,069,500 
1,881,200 


11,500,000 
11,750,000 
11,750,000 
23,500,000 
23,700,000 
22,500,000 


185,500 
238,000 
294,600 
377,300 
526,900 
1,220,800 
1,482,000 
3,558,000 


12,950,000 


129,700 
190,700 
265,700 
435,800 
582,800 


353,700 
5,580,000 


Sidereal 


period 
(days) 


27.322 


EI 
1.262 


.498 
1.769 
Sl 
4:155 

16.689 
250.6 
259.6 
260. 
739. 
755. 
692. 


942 
1.370 
1.888 
2 799 
4.518 

15.945 

21270 

79.330 
550.48 


1.413 
2.520 
4.144 
8.706 
13.463 


5.877 
368. 


Vis 


magnitude 
at mean opp 


--12.7 


— = р = 
с» ООМО со со ~ 
NNNNA = 


— 


735 


Direction 
of motion f 


D 


яя оо 


pao Cibi v C UJ UJ CJ GJ 9 SS 


* Compiled by D. L. Harris, Yerkes Observatory. 1 With respect to rotation of planet. D = 


direct motion, R — retrograde motion. 


TABLE 835.—NUMBER OF STARS [$ (M)] PER CUBIC PARSEC NEAR THE 
SUN WITH ABSOLUTE (PHOTOGRAPHIC AND VISUAL) 
MAGNITUDES M — 1/2 TO M .- 1/2 * 2° 


——————————————— M ——À ———— 


log ó (M) 4- 10 log ó (M) + 10 


ЕЕ 
М Phot Visual M Phot Visual 
= 6.0 2.10 1.63 -- 5.0 ZB 7.40 
-- 5.0 3.07 247. + 6.0 7.49 7.45 
-- 4.0 3.65 3.58 + 7.0 27:59 7.45 
-- 3.0 4.25 4,12 + 8.0 7.46 7:55 
-- 2.0 4.75 4.71 + 9.0 7.49 7\75 
— 1.0 5.07 5:32 + 10.0 7.64 7.84 
0 5.68 5.98 +11.0 ZBI 7.99 
+ 1.0 6.34 6.59 +12.0 7.97 8.02 
+ 2.0 6.77 6.71 +13.0 8.01 8.05 
+ 3.0 6.86 6.98 -+14.0 8.06 
+ 4.0 7.19 7.29 





* Prepared by S. W. McCuskey. Case Institute of Technology. 
28 van Rhijn, Groningen Publ. No. 47, 1936. 
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Relationship between diameter and depth of terrestrial explosion craters, terrestrial meteoritic 
craters and lunar craters. (All explosions occurred slightly below the surface.) 


D = 0.1083 a? +- 0.6917 d + 0.75 


where 

D = log diameter (feet) 

d = log depth (feet) 
Examples: 

Observed Calculated 
Diameter depth depth 

Shellicrater 98 eo EE зт 10 ft EE 2.20 ft 
Arizona meteorite crater............. 4150 ft 700 ft (originally) 732 ft 
Lunar стаеег Мое = =. с. с о» «ен 77 ті 14,600 ft 16,900 ft 


Relationship between diameter of crater and rim height, above ground level for terrestrial ex- 
plosion craters, terrestrial meteoritic craters, and lunar craters. 


E = —0.097 D? 4- 1.542 D — 1.841 


where 
E — log rim height (feet) 
D — log diameter (feet) 
Examples: 
Observed Calculated 
Diameter rim height rim height 
Sie СА а ааа 10 ft Atte 40% 
Amizoma meteorite crater.....s... 000: 4150 ft 165 ft (past erosion 295 ft 
neglected) 
Lunar crater Cleomedes ............. 80 mi 5200 ft 5830 ft 


Terrestrial meteoritic craters 


Present Original 
Diameter depth depth Present 
(ft) (ft) (ft) rim height Discovered 
American craters: 
Бора ОО ......;...+..ь...% 4150 570 700 165 1891 
Одезза 1, пеаг Одезза, Тех........ 550 14 130 12 1921 
Е о... 70 shallow 17 0 1921 
At least one other small crater 
Кет пе пеагру ............... 


Brenham crater (near Brenham, 
Kans., also called Haviland 


БЕНЕН ОСЫ. ыы 56x36 shallow >10 0 1933 
пир Опевес) «uere ree 23 ті  filled—ice-covered lake 550 1950 
South American craters: Pits known 
Campo del Cielo, Argentine; many since 1576 

Бағы ree ENS DUE 20 to 254 В ый 


Australian craters: 
Henbury 1, near Henbury cattle 


station е о 725 shallow 0 1930 
ЖЕ едас СЕ ОООО: 90 shallow 0 1930 
ТТ ТУ. 135 18 Ке” 2 1930 
о T 135 18 bs 2 1930 
DEN A Еа” /5 6 P 4 1930 
КІ Па КО ыл: 240 25 0 12 1930 
Z {probably double km e n ae a 660X360 60 SM high 1930 
PE eos e ТТТ ы 175 15 E. high 1930 
т. small T qe Peu 1930 
IUE сылақ... NP m DOES 60 shallow As low 1930 
Шам 45 пе >; жыт 1930 
ИЕ. USE IE 60 Ui m 12 1930 
ао 30 3 10 low 1930 
Boxhole crater, 200 miles N. E. of 

Henbury eeen e 600 50 к а 1937 
ІШМайрагапра crater "e 230 16 45,4 prominent 1923 


* Prepared by R. B. Baldwin, Oliver Machinery Co., Grand Rapids, Mich. 


(continued) 
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TABLE 836.—LUNAR AND TERRESTRIAL 


Diameter 
(ft) 
ЕЕ ПЕСИ... 3700 
Eurasian craters: 

Kaalijàrv, on Baltic Island of Oesel. 300—360 
(@е5се н Ж а: 120 
DEM сул eae wk ates 100 
D Ee obe cedere 65 
не. 35 
O (probably double)... i:o aras 120175 
At least three small craters nearby.. 
Wabar 1 in Rubàlkhali of Arabia.. 328 
et ott миз. сз. гу. 130180 
At least two smaller craters nearby. 
Great Siberian craters. About 200 

ШЕН 222.22.222... 30—175 
Silkhote-Alinsk, U.S.S.R., about 100 

(encod ae Oe ee TEEN <10 


io 
(fh) 
200 
50 


40 
30 


CRATERS (concluded) 737 
Original 
depth Present 
(ft) rim height Discovered 
100 1947 
25 1827 
ж: 1827 
1827 
1827 
1827 
1827 
bigh 1932 
high 1932 
1932 
Formed 
June 30, 1908 
Formed 


Feb. 12,1947 


The 1947 meteorite probably disintegrated high in the air. The 1908 meteorite exploded vio- 
lently either just before striking the ground or immediately after a ricochet. All others seem to 
have struck the ground, penetrated a short distance, and then exploded. 

It will be noticed that there is a tendency for several craters to be formed simultaneously as if 


the meteorites traveled in clusters. 


Only authenticated craters are here listed. Possible or doubtful cases have been omitted. 


TABLE 837.—ALBEDOS 


Photo- 

Visual Color graphic 

Object m g c Р 4 albedo index albedo 
Moon а. — 12.66 4+ 29 2.40 104 (604 072 + 75 059 
Mercury о... — 2.20 — .14 3.34 080 de .058 +1.00 038 
Меп с. Лл.» — 5.12 --4.41 8,50 .630 1.20 .76 + .62 .70 
Маге о — 1.88 — 1.39 4.60 ‚133 1.11 148 -1.00 .088 
ирег у гг.» — 2.53 --923 9519 ‚424 12: 5] + 67 45 
ЗІП 2222222 TO —8.80 78.95 416 (ША .50 + .90 36 
i cams fee. >. oe 2205.99 =717 9324 .548 1225 ‚66 + .42 ‚73 
Мерїипе ......... -- 7.80 —6.91 297 ‚514 I ‚62 + .42 68 
Dido m TS +14.74 —].17 4.0 .146 Т .16 J- .67 .14 


Table compiled by D. L. Harris on the basis of measures by G. Müller and E. S. King 
and reduced to the International Photovisual System. Long-period variations of the outer 
planets have been suspected by W. Becker ^" but are subject to confirmation. 

The albedo, according to Bond, is defined as follows: “Let a sphere S be exposed to 
parallel light. Then its albedo is the ratio of the whole amount reflected from .$ to the 
whole amount of light incident on it.” In the above table, m = the stellar magnitude at 
mean opposition: y = magnitude it would have at full phase and unit distance from earth 
and sun; с = assumed mean semidiamceter at unit distance; p = ratio of observed bright- 
ness at full phase to that of a flat disk of same size and same position, illuminated and 
viewed normally and reflecting all the incident light according to Lambert’s law; q depends 
on law of variation of light with phase; albedo = pq. 

Albedo of the earth: 0.397" 


250 Becker, W., Astron. Nachs., vol. 277, p. 65, 1949. 
200 Manjon, .\nn. Strasbourg. vol. 3, pt. 3, p. 168, 1937. 
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TABLE 839.—CHARACTERISTICS OF EARTH'S INTERIOR * 739 
Part 1.—Density and pressure 


The density distribution in the earth’s interior is obtained by a series of approximations 
made to conform with known data as boundary conditions, These known facts, with which 
any density distribution must harmonize, include the following : 

(1) The average density is 5.522, obtained by comparing the attraction of the earth 
with that of a known mass. Dr. Heyl’s value for the constant of gravitation is used, 
6.664 X 10™ dyne cm? g? (Table 27). 

(2) The precession constant and other astronomic and geodetic data (Table 827) give 
the earth’s moments in inertia. J = 0.33344 Er’? where J is the moment of inertia about 
the polar axis, r the equatorial radius, and E the mass of the earth; further 

п 
== = ра (ar*) 
where a is the polar semi-axis and 2 ==] (а, 7), {ће density. If the earth were a homoge- 
neous sphere its moment of inertia would be 0.4 M? and density 4.6. 

(3) The known flattening of the earth from geodetic data 1s 1/297. If the earth were 
homogeneous the flattening would be larger. These should be sufficient to give a unique 
density distribution but, as Lambert of the Coast and Geodetic Survey pointed out, a 
distribution satisfying condition (2) also satisfies condition (3). 

(4) The last boundary condition results by comparing the elastic behavior at various 
depths with the known elastic constants of rocks. Time-distance curves of earthquake 1m- 
pulses enable one to calculate the velocities of the compressional, Fp, and distortional, Vs, 
waves at various depths in the earth. Assuming isotropy there are simple relations between 
K, R, E (moduli of compression, rigidity, Young's respectively), « (Poisson's ratio), V; 
and V. such that if the density and any two of them are known the others can be had. Fhe 
variation in elastic constants for different rocks is small but sufficient to permit discrimina- 
tion when compared with the elastic properties at different depths computed by means of 
the equations 

2(1— о) 


]-— 8 


The uncertainties result from extrapolating low pressure and temperature laboratory data 
to high pressures and temperatures. 

Whence we deduce: “granitic” material to a depth of 10 to 30 km; below this the rock 
is denser, about 3.0, and corresponds to a basalt or gabbro. At about 45 km depth a dis- 
continuity occurs; the change in elastic properties corresponds with a transition to peri- 
dotite, density 3.4. From this depth to 1,600 km the variation is uniform, the density in- 
creasing slowly with pressure. From 1,600 to 2,900 km the earthquake velocities remain 
somewhat constant and could be accounted for by a slow addition of iron and nickel to the 
material, the density changing from 3.4 to 9.0. Below, 2,900 km I’, begins to decrease 
slightly and the assumption is that this core consists of nickel-iron with a density at the 
center of about 10.7. 


V= R/p, Vè — V= K/p, (V/V) = 





Depth Density Pressure Rock type 
0 km 2.7 g/cm? Granitic 
10 27 .0027 x10? kg /cn? 
30 3.0 .0067 Basaltic 
60 3.4 .0171 Peridotitic 
120 22 0381 
400 3:75 131 
800 4.0 .30 
1200 4.25 .47 
1700 4.4 .68 
2000 5.8 .84 
2450 7.25 1.135 
2900 9.0 9 Transition layer 
3200 9.6 17 
4800 10.25 2.8 Хі-Ее соге 
6370 10.7 | 





* Compiled by R. W. Goranson. | 
(continued) 
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TABLE 839.—CHARACTERISTICS OF EARTH'S INTERIOR (concluded) 


Part 2.—Elastic constants of earth's interior 





Bulk modulus Rigidity Bulk modulus Rigidity 
Depth КИО К Періһ ~ 107 x 10-1? 
km dynes/cm? dynes/cm? km dynes/cm? dynes/cm? 
0 .415 .26 1200 9:0. 22 Veo ро 83 
0—20 Si (05 3 E05 1700 qs 0) ро) 
20-45 И 4 =.1 2850 Sy eZ 4.0 = 1.0 
45-120 14 2 OT 2900 7 + 1? Smaller than at 
120-400 ТО 2 02662 6370 12 210? surface, perhaps 


zero. 





Part 3.—Velocities of earthquake waves 


1”, is the velocity in km/sec of the primary or condensational wave, Г’,, о# the secondary 
or distortional wave. Turner speaks of them as the push and shake waves. 





Layer Vp, km/sec Ve, km/sec 
0 to 20 +10 km depth, depending on 5.4 to 5.6, depending on locality. 
locality May reach 6.1 2 225 
20 = 10 «о 45 = 10 km depth, depend- 6.25 to 6.75, depending on 
ing on locality locality 3.5 2509 
Between 45 — 10 апа 2900 km depth: 

45 + 10 S Erl 44 + 2 
1300 125 1 69 2 
2400 и TSE 
<2900 15| ао 

Core, 2700 to 6370 km (center) : 
2900 В Е 2 7 
6000 10.9 2 ? 





TABLE 840—BULK MODULI OF ROCK-FORMING MINERALS * 


The bulk modulus, K, of a compact, holocrystalline rock can be obtained with a fair 
degree of accuracy except for low pressures by adding the proportionate bulk moduli of 
the constituent minerals. 

Pressure, P, and K X 10^ are in bars. 


Pressure in bars 


ы 

Міпега! 1 2,000 10,000 

[бєрї КОГО а ех о ее 1527 .538 .603 
Oliguclase А Бак А о ~ се се eer OE .582 .592 .641 
Eabradorite- А Ба По ага а nre TRE ‚654 ‚671 ‚758 
Рутохенес "Орловка 25. 200 1.00 1.00 1.00 
Diopside Pe ОЕЕО E 995 935 935 
о р AET .981 981 981 

Ви ее осно ео .769 .769 .769 
Миса Ро ы ОШ ‚431 ‚451 516 
Опава ОЛЕ ee 373 .383 437 
Calcite cms ОИ .736 .741 .758 

Ма уы МД. ги... АИ Е И 1.818 1.852 

Coründum NE о аА 2.44 — — 
Tourmaline a aea e a aen лына асты E 122 — — 
Rule esee cem TT DINE UM 172 — 





* Compiled by R. W. Goranson. 
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TABLE 841.—ELASTIC CONSTANTS OF ROCK * 741 


P (pressure), and X, R. E (bulk, rigidity, and Young's moduli resp), are given in bars (1 bar 
= 10° dynes/cm’). Vp and I’, (compressional and distortional wave velocities respectively), are 
in km/sec. с is Poisson s ratio and p is the density. p is in g/cm?. 

Dynamically determined elastic constants are surrounded by parentheses (single parenthesis 
represents seismic data); the others are static determinations. Italicized figures are calculated. 
In places where insufticient data were present to complete the calculations, figures in square 
brackets have been assumed. In the “P”? column m.s. denotes mean stress. 

The basis of this table includes data of L. H. Adams and Williamson, F. D. Adams and Coker, 
Bridgman and others. 


Name B К.Х 10-9 c КХІЮ-Р” ЕХІО-8 р Vp Vs 
стала ee one 1 (459) (22) (1%) (.46) 2.62 (5.05) (2.62) 
m.s. 350 303 23 ‚20 .50 


2000 472 [.28] 26 62 202 3295 3.05 
10000 292 (.281 29 И 200 5.91 3.26 

База 1 и 200 (4767 (30) C22) (.58) 2.91 (506071272) 
2000 2238 [.28] .28 MT 2.91 5d 3.08 

10000 .654 [.28] .34 .86 2:05 O11 3.38 

‚606 24 .35 .84 A 5 


8 on 2S 
Gabbro, norite, diabase.. 1 (641) (27) (35) КЕ 85 (6.22) (3.49) 
£ a = 911 E z ча 
600 641 — -- -- -- -- -- 
2000 .700 |2271 .38 Oy 2.85 6.50 3.65 
Olivine diabase, olivine 10000 ae г ЖЕ, Eo. cor. 1 
арса ue 5 1 i : i : 
в { = "n 22 ((985)) Б] 646 3.57 
m.s. 350 .741 ‚28 297 3.00 
600 52 — — — — — — 
2000 .806 [.28] 42 1.06 SUI Кб 3.7 
10000 ‚826 [.28] 43 1.09 3.08 Oh 3.7 
Peridotite dunite ....... 1 1.064 [.27] 58 1.47 3.28 7.5 42 
2000 1.191 [.27] ‚653 1.64 3.28 7.9 4.4 
10000 1.265 [.27] .69 1.74 3.29 8.15 4.57 
Obsidian а ху > 1 .345 17 — ((082)) 2434 — — 
2000 2952 — — -- 2.35 -- -- 
База 1255 ТЕЛЕС... 10000 1792 — — — 2,41 — — 
2000 690 { --- = — 2.85 - — 
Cryst limestone, parallel 10000 [5271] ЗА 105 2.89 6.4 3.6 
bed; ascen m.s. 350 .437 ‚26 ‚24 ‚61 — — — 
7000 715 [.28] .37 .94 271 6.68 3.69 


1 (439) СТР (552) 2.71 (5:4) (2.81) 


1 402 26 23 57 2.69 — 
Quartzitic sandstone .... ] ‚374 ‚21 27 .65 2.64 9.3 19. 
2000 .383 — = = 22 ct E 


10000 437 (.271 24 60 2.70 5.4 29 


* Compiled by R. W. Goranson. 


TABLE 842.—AGE OF EARTH, MOON, AND STRATA 


The age of the earth is probably from (1.3 to 3) X 10* years (radioactive data). Its 
liquefaction was probably complete within 5,000 years, solidification within 15,000 years 
from start. The age of the earth's crust may be taken as roughly 2,000 million years. 


Ages of geologic strata 


Late Oligocene 222... 37,000,000 yr Late pre-Cambrian (?). 587,000,000 yr 
“(Cretaceous 2)... 59,000,000 “ Upper pre-Cambrian ... 640,000,000 “ 
Permian-Carboniferous . 204,000,000 “ Middle pre-Cambrian .. 987,000,000 to 
Permian to Devonian... 239,000,000 to 1,087,000,000 ут 
374,000,000 уг Lower pre-Cambrian ... 1,800,000,000 “ 
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TABLE 842A.—ECLIPSES OF THE SUN 


The diagram, figure 31, prepared by the U. S. Naval Observatory, shows the paths of total 
and total-annular eclipses in the United States during the twentieth century. The following 
data for total United States solar eclipses betwcen 1950 and 2000 are taken from the complete 
table of eclipses from A.D. 1900-A.D. 2000, given by D. H. Menzel." 


Beginning 
Lati- Longi- 
Date tude tude 

June 30, 1954........... +42° + 99° 
October 2, 1959......... +42 + 72 
Јање) "1963... 0. +43 — 143 
March 7, 1970... . A. — 2 +149 
February 26, 1979....... +47 +140 


“Noon” 
Lati- Longi- 
tude tude 
с 
+23 + 6 
+62 +126 
+25 + 88 
+61 + 77 


End 
Lati- Longi- 
tude tude 
426° —74° 
+ 7 — 56 
433 + 44 
+55 +23 
+77 +34 


Maximum 
duration 


2.740" 
3 т 
1 
3 
3 


202 Menzel, D. H., Our Sun, p. 260, Harvard Univ. Press, 1949. Used by permission. 





Fic. 31.—Curves showing the paths of solar eclipses during the twentieth century. 


TABLE 843. —SPECTRUM CLASS AND PROPER MOTIONS * 


B А 


Limits of p m О 
СООО аа. 13 
ООМО... 6 
ТОМ ТІРЕ ооа 1 
О ........... x 
AU AO 5 E - 
EBEN CUN MER 2... . 
GU EQ 22225225... T 
(versa UE ccc EE acus. "m 
Меап г. з... 122 
Percentage of stars with 

HS ESL EDDA 0 


238 392 
164 533 
88 476 
.. 160 
1 31 
- 1 
1 

"03 "06 
2 5 


5 


97 
115 
231 
245 
168 

46 

12 

1 
212 


25 


К 


218 
327 
393 
242 
88 
29 
13 


6 
912 
10 


М 
48 
54 
99 
27 
8 
1 


"07 
4 


с. као = 


"04 
0 


* This table, after Boss, gives the number of stars in his catalog пш than 6™.5 which have proper 
46. 


niotions between given limits. 
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For reference, see footnote 272, p. 


TABLE 844.—SOLAR FLARES * 743 
Mean area in Mean area in 
10-9 of sun's Mean 10-9 of sun's Mean 
Class hemisphere duration Class hemisphere duration 
1 217 17 тіп 3 1266 62 пип 
2 570 29 “ оа 2350 3 ћг 


The following paragraphs are reprinted from F. Hoyle, "Some Recent Researches in 
Solar Physics," p. 36, Cambridge University Press, 1949.! 

Flares are a particular class of bright reversal characterized by sudden commence- 
ments. The properties oí flares are: 

(a) They are roughly classified in order of increasing importance as 1, 2, 3, and 3 +. 
The area of the flare, seen in projection against the solar disk, is, at present, used as the 
criterion of importance, Flares of class 3+ are rare, occurring on an average only once 
ог twice per year. At the other extreme, flares of class 1 occur every few hours during 
periods of marked solar activity. 

(b) The effective line width in H a at peak intensity varies between 1.75 A and 16 A. 
being approximately proportional to the importance of the flare. // 8, Hy show lesser 
widths, but the data for these are somewhat meager. 

(c) The contour of the bright emission is nearly symmetrical about the normal position 
of H a and is independent of the position of the flare upon the disk (there is invariably a 
greater extension in the red wing than in the blue wing, which increases with the impor- 
tance of the flare, reaching 0.7 A for those of the greatest intensity). Doppler displace- 
ments of the contour indicating large-scale turbulence of the emitting material in the line 
of sight have not been observed in excess of = 10 km/sec. 

(d) Flares are associated with sunspots, and in particular with complicated spot groups. 
The size of a sunspot, however, is not always a criterion of flare activity, some large spots 
being relatively inactive. The emitting matcrial is mainly situated either in the reversing 
layer or the lower chromosphere, and the emission occurs in a region with fixed position 
relative to the position of the spot group. The areas of flares projected on the solar disk 
vary from a few hundred millionths up to the values exceeding 10,000 millionths of the 
area of the disk. The duration of a flare is usually of the order of an hour or less, but 
lifetimes > 5 hours occasionally occur. 

(e) Flares are strongly correlated with a number of terrestrial effects. Radio fadeouts, 
due to increased ionization in the D-layer, occur simultaneously with the visible appearance 
of intense flares. Great magnetic storms are associated with flares of classes 3 and 3 4. 
The magnetic disturbances commence about 26 hours after the appearance of the flare, 
and are most marked when the flare is near the center of the disk. Finally, there is a 
growing body of evidence that the sun emits exceptionally high intensities in the radio 
meter wave-band during flares. 


* Prepared by Edith J. Tebo, Harvard College Observatory. t Used with permission of the author. 


TABLE 845.—CONSTELLATION ABBREVIATIONS (Astron. Union, 1922) 
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744 TABLE 846.—EMISSION LINES IN THE SOLAR CORONA * 


The following table was taken from Edlén's paper.?* It summarizes the results of the 
identification of 19 of the coronal lines caused by forbidden transitions. Fe X, XI, XIII, 
ХІУ, ХУ; Ni XII, XIII, XV, XVI; Ca XII, XIII, XV; A X, XIV. Two of these iden- 
tifications, namely A 4359 attributed to A XIV and À 5694 attributed to Ca XV, are some- 
what questionable and therefore these two identifications are given with a (?) in the 
table. All these identified lines are caused by magnetic dipole radiation. 

The first column gives the wavelengths of the coronal lines taken from Mitchell’s com- 
pilation ?* and reduced values from later work by Lyot.^ 'The second column gives the 
corresponding wave numbers. The third and fourth columns give the intensities as meas- 
ured by Grotrian and Lyot respectively. The proposed identification is given in column five 
and the transition probabilities in column six. The seventh and eighth columns give the 
excitation potential and ionization potentials of the next preceding ionization stages. 


А ст-1 Intensity Identification con EP IPS 

3 328 30 039 1.0 Ca XII 2s?2p'"P,4, —?P,,4, 488 27/2 589 
3 388.1 29 507 16 Fe XIII 3s? 3p*' D; — *P, 87 5.96 225 
3 454.1 28 943 7 ВИП Lx T LR T 
3 601.0 27 762 el М№М ХУІ 35° 3р °Р,„ — Р, 193 3.44 455 
3 642.9 27 443 15 Ni XIII 3s 3p! ' D; — ?*P, 18 5.82 350 
3 800.8 26 303 КР 255 — ыбы 
3 986.9 25 075 7 Fe XI  3s*'3p!'D, —?P, 9.5 4.68 261 
4 086.3 24 465 1.0 Ca XIII 2s? 2p* *P, — ?Р, 319 3.03 655 
4 231.4 23 626 2.6 Ni XII 35° 3р Ри = Ра 237 2.93 318 
4 311 23 190 ИМС. ЗСТ m T. mcs 
4 359 22 935 X: ? A XIV 2s? 2p "Ра, —?P, 108 2.84 682 
4 567 21 890 ІШ... ВН mo. ES s 
5 116.03 19 541.0 43 22 Ni XIII 3s* 3p*?P, — ?Р, 157 2.42 350 
5 302.86 18 852.5 100 100 Fe XIV 3s*3p *P,4 — ?Р,, 60 2,34 355 
5 536 18 059 TS. AX 2$ 2p "?P, — *P,4 106 2.24 421 
5 694.42 17 556.2 LS 12^ w? Ca XV 2s 2D) — P, 95 2.18 814 
6 374.51 15 683.2 81 18 Fe X 3s* 3p Py — ?Р;,, 69 1.94 233 
6 701.83 14 9172 5.4 20 Ni XV 3s? 3p?°P:— °Po 57 1.85 422 
7 059.62 14 161.2 22 Fe XV 3s 3p 'P,—?P, ал 390 
7 891.94 12 667.7 13 Fe XI 35° 3р Р, — ?Р. 44 157 261 
8 024.21 12 458,9 5 м ХУ 530 РР 22 3.39 422 
10 746.80 9 302.5 55 Fe XIII 3s? 3p? ?P, — *P, 14 1.15 325 
10 797.95 9 258.5 35 Fe XIII 3s°3p °P, — °P, 9.7 2.30 325 


* Prepared by Edith J. Tebo, Harvard College Observatory. 

263 Zeitschr. Astrophys., vol. 22, p. 30, 1943. 

264 Handbook d’Astrophys., vol. 4, p. 324, 1929; vol. 7, p. 401, 1936. 
265 Monthly Notices, Roy. Astron. Бос, vol. 99, p. 580, 1939. 

t The ionization potential refers to the next lower stage. 


TABLE 847.—THE CEPHEID PERIOD-LUMINOSITY CURVE * 


ЕЗ Б РЕ АЕ. Ер 5 ВНЕ ЕЕ 
tis af БЕ ЗЕБ FTT: $i» 358 
554 2% Ske 55: кк 24E ДЗР 
.0 25 — .3l — .85 12 G 6 --2.39 —3.77 
52 PSS -- .68 --1.26 1.4 G8 — 2.80 —4.31 
4 ВР --1.01 —1.74 1.6 Koes --3.25 —4.99 
.6 (0 --1.33 --2.25 1.8 К 25 —3.73 —5.87 
8 G2 — 1.66 —2.74 2.0 M0 — 4.24 --7.52 
1.0 G4 —2.02 —3.26 





* Prenared by H. Shapley, Harvard University, 
268 Shapley, Harvard Bull., vol. 861, 1928. 

267 Shapley, Proc. Nat. Acad. Sci., vol. 26, p. 544. 1940. 
268 Kuiper, Astrophys. Journ., vol. 88, p. 453, 1938. 
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TABLE 848.—A LIST OF NEBULAR LINES * 745 





Intensity 
Excitation SS 

А Classification potential 7027 7662 
H I 
4340.5 2o PSS PD 13.0 39 40 
4861.3 2 S PA SPD 12.7 100 100 
6562.8 25S. P23 S, P, D 12.0 580 500 
He I 
3888.6 2s *S — 3p °P 22.9 <13 <25 
4471.5 2p *P — 4d *D 23.6 6 5 
5015.7 25 15 — 3p :Р 23.0 526 и 
5875.6 2p *P — 3d °D 23.0 50 30 
6678.1 2p *P — 3d *D 23.0 8 6 
Не П 
4541.6 4 °S, P, D, F — 9 °S, P, D, F, G 5955 4 3 
4685.8 3 °S, P, D — 4 °S, P, D, F 50.8 39 60 
5411.6 4 *S,.P,D,F —7 ?5,Р р, Е, С 53.1 25 10 
СП 
4267.2 За "D — 41 ЈЕ 20.9 3 1 
N II 
57550 [2p — 2p'!S] 4.0 30 : 
6548.4 [2p? *P, — 2»? !D] ].9 150 SE 
6583.9 [2p?*P2 — 2p??D] 1.9 260 10+ 
O I 
6300.2 [2p' *P; — 2p' 'D] 2.0 50 1 
OTI 
3726.2 [2p ‘S — 2p? °D 4] 3.9 20 8 
3729.1 [2р? *5 — 2р' 0, ] on) 11 5 
7319.0 [2р° 20, — гр РЈ 5.0 P MT 
7330.4 [2p* *Di4, — 2p* *P] 5.0 Е mM 
O III 
4363.2 [2p? *D — 2p?'S] 52 D 19 
4959.5 [2p^ *P, — 2p*'D] 225 430 350 
5007.6 [2p? *P; — 2p?'D] 25 1200 1000 
Ne III 
3868.7 [2p* *^P, — 2p* 'D] 2:2 95 80 
3967.5 [2p* ^P; — 2p* | 3.2 24 <80 
Ne IV 
4714.1 І2р Га, — 2p? ?P] 77 «6 &10 
4719.7 [2p? ^Di,4, — 2p? *P] 7527 ке Қ” 
Меу 
3345.8 [2p??P, — 2p? 'D] 3.8 43 P 
3425.8 [2p??P, — 2p?'D] 3.8 109 P 
S II 
4068.5 (3p! *S — 3p? *P,4] 3.0 «8 «3 
4076.5 [3p? ‘S — 3p? S 41 3.0 5 :5 
6717.3 [3p? *S — 3p* Оља ] 1.8 6 5 
6731.5 [3p* *S — 3p* *D,.,] 1.8 12 
A IV 
4711.4 [3p? *S — 3p? Dan] 2.6 «6 < 10 
4740.3 [3р? *5 — 3p ° Din] 2.6 10 10 
Fe XI 4.7 «95 «80 
3871.9 [3p' *P, — 3p*!D] 


The above table, containing most of the strongest and/or 1mportant lines under nebular 
conditions, is taken from a more complete list."* The brackets [ ] about a classification 
indicate a forbidden transition. These wavelengths are in all cases except Ne III and 
Ne V the values calculated from series analyses oí the ions concerned. The last two 
columns give the observed intensities in the objects NGC 7027 and 7662. P indicates the 
line is present but out of the range covered by the observations and intensity estimates; 
< represents a blend with a line classified otherwise, transition indicated probably an 
appreciable contributor; «€ is also a blend with a line classified otherwise, transition 
indicated probably is not an appreciable contributor. 


* Prepared by Edith J. Tebo, Harvard College Observatory. 
269 Bowen, I. S., and Wyse, A. B., Lick Obs. Bull., vol. 19, p. 1, 1939. 
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746 TABLE 849.—STELLAR SYSTEMS 


The solar neighborhood distance of 50 hghi-ycars, explored chiefly through the 
motions of nearby stars. À large majority are of less than solar luminosity, most below 
naked-eye visibility. Only 40 percent of the stars known to be nearer than 16 light-years 
are brighter than the sixth magnitude. Exploring the solar neighborhood therefore in- 
volves a search for telescopic dwarf stars. Any body 1/100 of sun's mass within 1,000 as- 
tronomical units (.015 light year) would be detected by its disturbance on Neptune and 
Uranus even if invisible (Russell). Nearest known star is 4 light-years distant (Proxima 
Centauri, m = 11, M = 155). 

Region of brighter stars extending 500 light-vears. The great majority of naked-eye 
stars lie in this region, though some of unusually high intrinsic luminosity are farther 
away. It includes probably 500,000 telescopic stars. Studied by proper motions, trigono- 
metric and spectroscopic parallaxes, and photometry. 

The Milky Way with a radius of about 50,000 light-vcars. The stars within 5,000 
light-years of the sun are a trifling part of the galactic system outlined by the globular 
clusters and Milky Way clouds. The stars are so remote that proper motions and spectro- 
scopic analyses hopelessly fail. Statistical counts are of some help in the nearer parts. 
But most of our knowledge comes from eclipsing binaries, long-period variables, and 
Cepheids. The period-luminosity relation for Cepheid variables is the key to practically all 
distances > a few 1,000 light-years. 

The Clouds of Magellan, nearly 100,000 light-years distant, nearest of all external 
galaxies and the most easily studied. Great advantage, all of its varied manifestations are 
seen at practically the same distance. These phenomena include gaseous nebulae, star 
clusters, giant and supergiant stars, some 1,500 known Cepheids in the Larger Cloud. 
In this cloud 750 stars brighter than — 5.0 abs mag and over 200,000 brighter than the 
0.0 have been estimated. 

The Supergalaxies, 7,000,000 to 500,000,000 light-ycars distant. Composed of clusters 
of extragalactic nebulae. The relative diameters and brightnesses have been determined 
for some of the supergalaxies, The most conspicuous is the Coma-Virgo cloud 4, a stream 
of several hundred bright spiral, spheroidal, and irregular galaxies, about 10’ light-years 
distant; its greatest length about one-half this. One of the richest and most distinct super- 
galaxies is in Centaurus. 


TABLE 850.—STELLAR SPECTRA AND RELATED CHARACTERISTICS * 


The one-dimensional classification system.—The spectra of almost all the stars 
can be arranged in a continuous sequence, the various types connected in a series of im- 
perceptible gradations. With two unimportant exceptions, the sequence is linear. Accord- 
ing to the now generally accepted Harvard (or Draper) system of classification, certain 
principal types of spectrums are designated by letters—P, IV, O, B, A, F, G, K, M, R, N, 
and S—and the intermediate types of suffixed numbers. A spectrum halfway between 
В and A is denoted by B5 while those differing slightly from class A in the direction of 
Class B are called B 8 or B9. Classes R and N apparently form one side chain, and class 
S another chain, both branching from the main series near class K. 

The two-dimensional classification system.—lIn addition to the larger character- 
istics used to determine the spectral class (temperature differences) there are smaller 
luminosity effects that depend mainly on differences in densities in the atmospheres of the 
stars. Thus one can distinguish betwcen dwarfs, giants, and supergiants. At Harvard, 
in 1897, Miss Maury was actually the first to denote certain stars by prefixing the 
letter “c” to the spectral class. These stars are now known to be supergiants. Mount 
Wilson observers still use this letter "c" to denote supergiants, "g" Тог giants, and “d” 
for dwarís. This dM 5 denotes a dwarf star of spectral type M 5 (see Table 874). Morgan, 
Keenan, and Kellman have extended the classification even further.*” Their luminosity 
classes include not only giants (III) and dwarfs (V) but subgiants (IV) and several classes 
of supergiants (I; Ia, and Ib) and intermediates (TI). 

Almost all the stars can be classified on the above system. In addition to individual 
peculiar stars there are, however, groups of stars that cannot be given specific classifica- 
tions, such as the A-type spectrum variables *' and the “metallic-line” stars.” 

The colors of the stars, the degree to which they are concentrated into the region of the 
sky, including the Milky Way (Table 854), and the average magnitudes of their peculiar 
velocities in space (Tables 828 and 876) all show important correlations with spectral type. 
In the case of colors, the correlation is so close as to indicate that both spectrum and color 
depend almost entirely on the surface temperature of the stars. The correlation in the 
other two cases, though statistically important, is by no mean so close. 


* Prepared hy Edith J. Teho, Harvard College Observatory. 

“79 An Atlas of Stellar Spectra, University of Chicago Press, 1943. 

211 Deutsch, .\strophys. Journ., vol. 105, p. 283, 1947. 

“72 Roman, Morgan, and Eggen, Astrophys. Journ., vol. 107, p. 107, 1948. Greenstein, Astrophys. 
Journ., vol. 107, p. 151, 1948; vol. 109, p. 121, 1949. 
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TABLE 851.—STELLAR SPECTRA * 


Part 1.—The Harvard spectrum classification 


Principal spectral lines 
(absorption unless otherwise stated) 
Gaseous nebulae. Emission lines and 

bands of H, He I and II, and O II. 


Wolf-Rayet objects divided into two 
sequences: carbon, WC, have emis- 
sion lines attributed to He I and II, 
(РАДА У а па аката O TI II, IV. 
V, and VI; nitrogen sequence, WN, 
have emission lines attributed to He 
I and II, and N III, IV, and V. 


Lines of H, He I and II, O II and III, 
and N II and III. 


Neutral H and He, N Il, and O II, 
and a few ionized lines of metals. 


H series at maximum, Ca II (H and 
K), aud weak ionized metallic lines. 


Ca II (H and K) strong, H lines 
fainter, metallic lines more abundant. 


H lines faint, Ca II (H and K) strong, 
many fine metallic lines. 


Ca II (H and K) very strong, many 
neutral metallic lines. Spectrum 
faint in the violet. 


Molecular bands of TiO, lines of Ca I 
and II, and other metals. Long-pe- 
riod variables have emission H lines. 


ZrO bands and metallic lines. Long- 
period variables have emission H 
lines. 


Bands of Ca CN, and CH; 


tallic lines. 


Bands of C}, CN, and CH; 
violet light. 


many me- 
very little 


Novae. Rapid spectral changes from 
early. supergiant type near maxi- 
mum, through nebular stage, and 
finally to a Wolf-Rayet type. 





Example 


y Velorum 


( Puppis 
e Orionis 
Sirius 
Canopus 
The sun 


Arcturus 
Antares 


та Gruis 


BD 
—10?5057 


19 Piscium 


Number 
brighter 
than 
6:25. 
mag 


20 


696 


1885 


720 


609 


1719 


457 


Part 2.—Prototypes for luminosity classification 7? 


Super- 
Class giants 
BO e Ori 
В5 67 Орћ 
42 а Сур 
FO a Lep 
р В y Cyg 


Main 
sequence 
¢ Oph 
к Нуа 
€ Vir 
u Сар 
Ваг 


Giants 
к Огі 
6 Рег 
`A UMa 
t Leo 
] Com 


Class 
G 5 
K2 
M1 
М 5 


Super- 
giants 
9 Peg 
56 Ori 
a Sco 
a Her 


Giants 

y Hya 
k Oph 
УЗ Cyg 
56 Leo 


747 


Percent 
in 
galactic 
region 


100 


100 
82 
66 
57 
58 


56 


54 


63 


87 


Main 
sequence 
к Се 
е ЕТІ 
BD + 42.2296 
BD+ 4.3561 


For description of classification of Wolf-Rayet stars see reference, footnote 274. The “galactic 


region” here means the zone between galactic latitudes + 30° 
96 percent of the stars of known spectra belong to classes 4, F, G, 


heavens. 


, and including half Ты» area of the 


99.7 percent 


including B and M (Innes, 1919). Henry Draper Catalog, 9 vols., 1918-24, and н’ D. Extension, 
2 vols., 1925-49, give positions, magnitudes, and spectra of nearly 360, 000 stars. 
Zone Catalogs, and the Bergedorf and Potsdam Spectral- Durchmusterungen. 


* Prepared by M. W. Mayall, Harvard 


273 Trans. Int. Astron. Union, vol. 7, p. 408 


274 Trans. Int. Astron. Union, vol. 6, p. 
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See also Yale 


748 
TABLE 852.——PERCENTAGE OF STARS OF VARIOUS SPECTRAL CLASSES * 


Visual B А Е с К М 

magnitude (BOto B5) (B8to 43) (45to F2) (F5 to G0) (G5 to K2) (K5to M 8) 
< 2.24 28 28 7 10 15 12 

2.25 to 3.24 25 19 10 12 22 12 

3.25 to 4.24 16 22 7 12 35 8 

4.25 to 5.24 9 27 12 12 30 10 

5.25 to 6.24 5 38 13 10 28 6 

0.26 to 7.20 5 30 11 14 32 7 

7.26 to 8.25 2 26 11 16 37 7 

8.5 to 94 2 18 13 20 36 12 

9.5 to 10.4 1 16 12 24 38 9 

Photographic 

magnitude (B0 to B5) (B6to 44) (45to F4) (F5to0 G4) (G5to K4) (K5 to Mc) 

8.5 to 9.5 2 31 16 24 24 3 

9.5 to 10.5 1 24 16 31 26 3 

10.5 to 11.5 1 17 13 40 27 3 

ПЕС 12.5 0 10 13 47 26 3 

12.5 to 13.5 0: 2: 10: 58: 26: 2: 


The data are taken from the publications of the Harvard, McCormick, and Bergedorf Observ- 
atories. The discontinuity in trend appearing between the visual and photographic groupings is 
in the sense to be expected. Ninety-nine percent of the stars brighter than magnitude 8.5 belong 
to the six classes listed; less than one percent have spectra of classes P, WR, O, R, N, S, and 
Peculiar, and such stars are even more uncommon among the fainter groupings. Т 

Among stars brighter than sixth magnitude the percentages of dwarfs are as follows (Opik 
et al.): 

F5 F8 G0 G5 KO Е К5 М 
75 60 50 15 5 3 2 0 


A limited sampling in the Milky Way yields the following percentages of dwarís among 
fainter stars (Nassau and McCrae) : 


Photographic 

magnitude F8 to G2 G5 G8 to K3 
8 to 10 75 23 7 

10 «о 11 77 31 8 

ll to 12 82 42 10 


In higher galactic latitudes the percentages of dwarfs are higher; thus in latitudes 31° to 90° 
dwarfs constitute about 17 percent of the K 0 and K 2 stars of visual magnitude 10.4 (Janssen 
and Vyssotsky). Among the M 0 and M 8 stars of all latitudes between visual magnitudes 8.5 
and 10.5 3 percent are dwarfs (Dyer and Vyssotsky). 


* Prepared by A. N. Vyssotsky, University of Virginia. 


TABLE 853.—THE LOCAL FAMILY OF GALAXIES 75 


Distance 
Modulus t (геше Diameter 
о —— == 
Member Type Obs Corr lat AEN M pg Apparent Linear 
Өл ра!аху ......... Sb 24 kpc 
СО a Sb 22.4 21.8 231 Крс —17.9 3.2° 12.9 
ГЕТО Р e oe I 17.1 16.7 22 —15.9 125 4.6 
В. Sz 22.3 21.9 239 --14.9 62” 4.3 
Соате / 17.3 17.0 25 — 14.5 8° 3.6 
OS а аи Е 2 22.4 21.8 231 — 12.9 E T 
Fornax system ...... E 21.0: 20.8 : 142: —]11.9: 50” 21: 
IGC 205... opes E 5p 22.4 21.8 231 —]11.5 15:8 1.1 
МО 0322... 1 21.6 21.0 161 --10.8 20 94 
ШО а... 1 22.0 21.8 225 --10.8 17: 1.1 
Sculptor system ..... E 19.4 19.2 69 — 10.6 45' .90 
СИ ЕВЫ. Е 2245Е 4521-5-25 204+ --10.6 14:5 ‚86 
NGC 147 оо Е 22422 2] 5zE 204+ --10.3 14:1 ‚83 


278 Baade, Walter, Astrophys. Journ., vol. 100, p. 150, 1944. 
t Modulus in stellar magnitude is m — M — 5 (log d — 1), where d is distance in parsecs and M is 
absolute magnitude. 
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TABLE 854.—GALACTIC CONCENTRATION OF STARS OF VARIOUS 
SPECTRAL CLASSES * 


Part 1—Number of stars per 100 square degrees 





Spectrum B A F G K M 
Visual Galactic latitude 0° to 5° 

magnitude 

< 6.0 4,5 6.0 1.7 2.1 35 1.3 
6.0 to 7.0 6.3 15 3.4 3.0 12 2.6 
7.0 to 8.25 19 76 14 21 54 14 
8.5 о 9.4 46 190 85 96 200 57 
9.5 to 10.4 82 610 240 310 490 150 
Photographic 

magnitude 

9.5 to 10.5 38 510 150 220 180 19 
10.5 to 11.5 87 970 430 720 460 42 
Вто 12.5 100 1390 1200 1960 940 140 

Visual Galactic latitude 609 to 90° 

magnitude 

« 6.0 2 2.6 8 1.0 2.9 7 
6.0 to 7.0 0 3.8 1.8 2.4 7.5 2 
7.0 to 8.25 0 7.4 9.2 16 32 6.3 
8.5 to 9.4 0 5 20 83 75 0 
9.5 to 10.4 0 8 20 170 210 16 
Photographic 

magnitude 

9.5 to 10.5 0 9 32 120 75 9 
10.5 {о 11.5 0 10 27 290 160 12 
bes to 125 ‚9 14 34 680 270 26 


The data are taken from the publications of the Harvard, McCormick, and Bergedorí 
Observatories. The spectral groupings are the same as in the preceding table. Absorp- 
tion accounts for the apparent discrepancy in low latitudes between the numbers of early 
type stars in the last line of the visual magnitudes and those in the first line of the photo- 
graphic magnitudes. 

A measure of apparent galactic concentration may be found from the ratios of the star 
numbers in low latitudes to those in high latitudes. We obtain the figures given in Part 2: 


Part 2.—Index of apparent galactic concentration 


Visual 

magnitude B A F G K M 
< 6.0 22 2.8 25 2] 1.2 1.9 
6.0 to 7.0 А 4.0 1.9 12 1.5 37 
7.0 to 8.25 4: 10 1:5 1.3 1.7 22 
8.5 to 9.4 x 24 4.2 12 27 Ф 
9.5 #о 10.4 M. 76 12 1.8 22 9 
Photographic 

magnitude 

9.5 to 10.5 x 56 4.8 1.8 2.4 Zoll 
10:5. t0 T5 Па 97 16 25 2.9 15 
1510 125 2) 99 35 2,9 8.5 5.5 


The irregularities here are attributable in part to inadequate sampling. 

Among the stars of the main sequence the true concentration increases with the stellar 
mass; the true concentration of the rcd giants is relatively low. The W, O, and N stars 
show high apparent concentration to the Milky Way as do the Cepheids, and planetary 
nebulae; on the other hand, the long-period variables show little concentration and the 
cluster-type variables even less. 


* Prepared by A. N. Vyssotsky, University of Virginia. 
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750 TABLE 855.—MEAN ANNUAL PARALLAX FOR STARS * 
Part 1.—Stars of given visual magnitude and galactic latitude 


Mag 09-209 20°—40° 
3.0 :027 7036 
4.0 020 025 
5.0 015 017 
6.0 91 012 
7.0 .0080 0086 
8.0 0059 ‚0062 


40°—90° 


7036 
ШИ 
020 
015 


0117 
‚0092 


Мак 

9.0 
10.0 
11.0 
12.0 
13.0 
14.0 


04-209 
70043 
0032 
‚0023 
0018 
„0014 
0011 


20°— 40° 
70047 
0037 
0030 
0024 
0020 
0016 


40°—90° 


These tabular values have been obtained by combining and smoothing the secular paral- 
laxes derived at Groningen and McCormick together with mean parallaxes for fainter 
stars derived at Leiden, To obtain annual parallaxes from secular parallaxes a solar veloc- 
ity of 19 kilometers per second has been assumed. Similarly the Leiden figures rest on cer- 
tain assumptions as to the peculiar motions of faint stars. Recent studies of the space 
motions of stars more than 500 parsecs from the plane of the galaxy indicate that the annual 
parallaxes listed here may well be systematically too large for stars fainter than tenth 
magnitude in the higher latitudes. 

Some idea of the dependence of the mean parallaxes on the spectral type may be gained 
from Part 2. Here the probable error of a secular parallax is approximately 07001. 


Part 2.—Mean parallaxes according to spectral class for stars of visual magnitude 
10.0 (latitude 0° to 90°) 


Spectral 
class 


Secular 
parallax 


, 
» 


007 
011 
:022 
.014 
.005 


* Prepared Бу А. N. Vyssotsky, University of Virginia. 


Solar 
velocity 


16 km/sec 
17 


18 
20 
22 


Annual 
parallax 


70021 
0031 
0058 
0033 
0011 


TABLE 856.—SPECTRUM CLASSES AND TEMPERATURES OF STARS * 


Observed 


Heat Water-cell 


Spectral index absorption 
type Mag Mag 
EUN "NU йл... .05 20 
ПЕНИ. .01 23 
EUM о И о се ‚00 26 
LS ees EE ....... ‚02 30 
ПЕ... ER Зы E 15 36 
Е оо EE o 30 4] 
ШЕП M siTe 122 42 
о... .39 47 
аа 55 54 
Gee Из... 1.10 76 
ПО ea ee 1.40 87 
СВ RUAN ise, shade 2.] 1.14 
ЕШ са бека 47 .50 
(С дА сузган EE 65 ‚60 
НАШ геге НЕ: ‚90 .70 
UMEN S уе 1.5/ ‚93 
ШИПА Ма ОЛЕ a 1.86 1.01 
DNA NE et. ee s tae 22 ].14 
DUE TN eerie nn 9:1 1.30 
С ка 4.2 1.46 
на 52 1.62 
ее... 4.4 15 
EE erri 8.9 2:2 


Temperature by several methods, 


Heat index 


6750? 


5760 
5700 
5350 
4820 
3720 
3400 
2870 


5000 
4550 
4020 
3240 
3030 
2810 
2400 
2050 
1780 
1990 


7300° 
6160 


6100 
5750 
5100 
3980 
3650 
3060 


5450 
4870 
4300 
3480 
3250 
3000 
2596 
2200 
2000 
2160 


* Prepared by S. B. Nicholson, Mount Wilson Observatory. 
79 Ruiper, G. P., Astrophys. Journ., vol. 88, p. 464, 1938. 


t Payne, Stellar atmospheres, 1925. 
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t Interpolated. 


—— Water-cell 
A0.5554 20.5294 absorption index 274 


7500° 
6200 
5450 


5350 
4920 
4460 
3550 
3260 
2780 


4700 
4140 
3750 
3130 
2980 
2810 
2550 
2390 
2250 
2350 
1830 


Color 


25000“ 

15500 

10700 
8530 
7500 
6470 


0000 
5360 
4910 
4150 1 
3600 $ 
3200 
5200 
4620 
4230 
3580 
3400 
3200 
2900 
2750 


°K 





Ioniza- 
tion 
20000 
15000 
10000 
8400 
7500 
7000 


5000 
5000 
4000 
3000 
3000 


251 
TABLE 857.—STARS KNOWN TO BE WITHIN 5 PARSECS OF THE SUN* 
9 Ртаа 


R A 1950 Dec Sp Р 


то М и 
ћ т ” ” 

ӘСЕ... 14 36.2—00?38' га dG 3 1795 4.7 3.68 281° -— 22 
ЧЕ yc. ss 14 36.2—60 38 Е ак 2 59 6.1 3.68 281 — 22 
СЗО o e 14 26.3—62 29 ИБ ам : 178 16.0 3.85 282 ee 
2-0! ........ 17 55.44 4 33 9.4 ам 5 .544 131 10.26 356 — 110 
о... 10 54.1- 7 19 13.8 ам 6 .402 16.8 4.70 235 + 13 
| 72539 9... ] 36.4—18 13 12.4 аМ бе 44: 15.4 3.38 80 + 30 

[, 726-0 И „ж... 1 36.4—18 13 12.9 аМ бе .4:: 15:9 3.38 80 + 30 
т | 2147 At ... 11 00.6436 18 TER dM 2 .390 10.5 4.78 187 — 87 
СЛАНЕ... 6 42.9—16 39 —1.6 40 .378 T 1437 203 — 8 
n CN agp... . 6 429--16 39 8.5 F .378 11.4 1:32 203 — 8 
Б. 154 сан Ы 18 46.7—23 54 10.5 dM 5 .354 157 ‚74 106 0 
|: 240 Ee 23 39.4--43 55 12.2 dM 6 .318 147 1.82 176 — 8l 
БЕТ ЕЕ С... 3 30.6— 9 38 3.8 Ае .301 0,2 97 271 + 15 
ВИ УЕ ...... 21 04.738 30 5.6 ак 5 .208 8.0 A 52 -- 04 
КД НИ. 21 04.7+38 30 6.3 dK 7 .298 8.7 5:21 52 — 64 
ce. E ] 41.7—16 12 3.6 dG 7 1225 6.0 1:92 296 — 16 
eC M AN ПЕ! .5 dF 4 .294 8 25 214 -- 4 
ап СМ БАР... 7 36.7+ 5 21 10.8 E. .294 13.1 1225 214 -- 4 
I, 59-0 ...... 22 35.7—15 36 12.3 ам 6 .293 14.6 2227 46 -- 60 
Erud e... 21 59.6-57 00 4,7 ШК 9 „288 7.0 4.69 129 -- 40 
|. Ш... 11 45.14 1 07 11.0 ам 5 .288 13.3 1.39 153 -- 12 
59: 1914 А .... 18 42.24-59 33 8.9 ам 3 .285 1082 2.28 324 + 2 
+59: 1915 В .... 18 42.24-59 33 9.7 ам 4 .285 12.0 2.28 324 + 2 
+43: 44 AT ..... 0 15.4+43 44 8.1 dM 3 ‚279 10.3 290 82 + 8 
+43:44 В ...... 0 15.4--43 44 10.8 зам 4с .279 15:0 2.90 82 + 8 
ЕО. 23 02.6—36 09 Ж. dM 1 5277 9.5 6.91 79 + 10 
АО... 5 :09.7—45 :00 9.0 О 1.262 ТЕ] 8.74 151 4-242 
оо мы... 7 24.7+ 5 28 10.1 dM 5 .262 1-2 3.76 171 + 27 
а 2] 14.3—39 04 6.6 амо 297 8.8 3.46 251 + 22 
Н-560:2782А .... 22 26.6--57 26 9.8 dM 4 5290 11.8 .86 246 — 24 
--56:2783 В_.... 22 26.6-1-57 26 IB dM 6 250 16:2 ‚86 246 -- 24 
| 6014 АВГ ...... 6 26.8— 2 46 11.6 dM 6e 256 13.6 1.00 131 + 25 
— 12: 4523 ....... 16 27.5—12 32 9.9 dM 4 ado 11.9 1.18 182 — 18 
КЕЛЕТ СТ Q0 46.6+ 5 10 2. OE „245 14.2 2.98 155 +238 
Oe 12 30.8+ 9 18 127 dM 7 225 14.5 1.80 279 -- 
У 424.90. Зэн: 12 30.8+ 9 18 12.7 dM 7 4225 14.5 1.80 279 — 5 
Со—46 : 11540... 17 24.9—46 51 Ju dM 3 .224 PES 1.04 147 
E H C = 0 02.5—37 36 8.5 dM 3 22 10.2 6.07 113 + 24 
8-08. 940 .. "E... 17 36.74-68 23 22 ам 3 .218 10.8 СӘЙ 197 — 17 
о. 10 08.349 42 6.7 ак 8 ‚218 8.4 1.45 249 -- 27 
--49: 11439 ...... 2] 30.3—49 14 9.0 dM 2 212 10.6 81 185 x 
—15:6290 ....... 22 50.7—14 31 10.2 dM 5 211 11.8 ІСТІ 123 + 10 
СО—44 : 11909 ... 17 33.4—44 10 10.5 dM 5 210 121 L15 217 
И 19 48.3- 8 44 9 44 .206 2:9 .66 55 — 26 
14551] Ж.... 11 42.7—64 34 121] рА ‚204 13.6 2.68 97 
+43: 4305 ....... 22 44.7 +44 05 10.1 ам 5 .203 11.6 ‚86 297 + 2 
К ЕГП аб. 4 13.0— 7 44 4.5 ак 0 .200 6.0 4.08 213 — 42 
L Ene... 4 13.0— 7 44 9.4 DA .200 10.9 4.08 213 -- 42 
EAE. -.. 4 13.0— 7 44 11 ам 5с .200 12.6 4.08 215 — 42 
Grw+79: 3888 ... 11 45.4+78 58 11.0 dM 4 ‚200 125 87 57 — 120 





The stars have been designated by their R D or C P D numbers and only if neither of these 
was available, by their Cordoba Durchmusterung numbers: for very faint stars the discoverer’s 
numbers have had to be used. p = parallax, & — proper motion, si — magnitude, M — absolute 
magnitude, [raa = radial velocity, Sp = spectrum, 6 — position angle. 


* Prepared by W. Luyten, University of Minnesota. t These stars have invisible companions. 


SMITHSONIAN PHYSICAL TABLES 


752 


TABLE 858.—MASSES OF STARS FOR BINARIES WITHIN 10 PARSECS 


FROM THE SUN * 


This table contains all visual binary stars within 10 parsecs for which the orbital ele- 
ments and parallax are well determined. | 
The sum of the masses follows from the harmonic relation: 


М, + М: = а 


where a is the semimajor axis of the relative orbit, expressed in astronomical units, P the 
period in years; the masses are referred to the sun's mass as unit. For the majority of these 
binaries the mass-ratio is known, thus permitting a determination of the masses of the 


individual component. 


Star Parallax 
пас а — 6c 7184 
РЕП. ы а ‚161 
сеи ВС ME 202 
SS a ee 381 
Brocyon -a a e .287 
ОШ Ма „б е. ‚129 
а еп А, Вие с ак с. .756 
ISEOO Ш... .142 
асты ТЕ 2 102 
9 4252 ЖЕ... .148 
В... 155 
HRZ6416 ma ee 152 
ЫНА 2222.22 2... 147 
пы В C s... .109 
ОН SEE... .197 
ONE Res .294 
ЕИО з 7 т .256 


Sum of 

a Р masses 
AU years Mı + Mə 
67.9 526 1.13 
52 251 2:22 
34.1 248 .64 
20.0 49.94 3:21 
15.8 40.65 2.87 
19.7 59.86 2.13 
232 80.09 1.92 
34.4 149.95 1.81 
13.24 34.42 1.96 

1.28 1.72 ‚70 

4.58 13.12 „56 
37.4 242 ‚89 
12.5 42.2 1.09 
11.8 43.0 ‚87 
23.14 87.85 1.61 
83.5 720 1.12 

9.23 44.52 .40 


* Prepared by Peter van de Kamp, Swarthmore College. 


TABLE 859.—THE FIRST-MAGNITUDE STARS ARRANGED IN ORDER 


R A 1950 
Name h m 
т s 6 42.9 
Canopus .. 095 099.208 6 22.8 
a Centauri |? 2... 14 36.2 
Мера... т. м. 18 35.2 
Саре а || ... 90. NE. 5 13.0 
Arcturus ....5 5... 2 14 134 
él 1 НЕ 57181 
Ргосуоа | -. 21... 2. 7 36.7 
Асһенпат ы... 1 35.9 
в Сами. 14 00.3 
Анасы 19 48.3 
Betelgeuse Il § .......... 5 52.4 
Aldebaran? ........... 4 33.0 
а СОБИ У 2 12 23.8 
те | ас ne e 13 22.6 
Pollux $ аа. 7 42.3 
Antares т... 16 26.3 
Fomalliaut ers 22 54.9 
Deneb$ ............... 20 397 
Regulus tt ............ 10 05.7 
В БЕНЕН ТИ 12 44.8 
* Prepared by W. Luyten, 


§ Has an optical companion. 


University of Minnesota. 


BRIGHTNESS * 


Dec my Sp и 6 
т 

—16*39 '—16 А0 1732 203° 
—52 40 — 9 cFO 02 47 
--60 38 1 dG3 3.68 281 
+38 44 1 AO 34 36 
+45 57 2 Gil 44 168 
+19 27 2 o0 2.28 209 
— 8 15 3 сва 00 
+ 521 5 dF4 125 214 
--57 29 6 B7 10 110 
--60 08 S Bs 04 217 
+ 844 9 44 .66 55 
+ 7 24 9: M2 03 75 
+16 25 о K3 20 160 
--6249 11 ВІ 04 255 
--1054 12 В2 446 230 
+2809 12 G8 52 №205 
—26 19 12 МІ .03 200 
—29 53 1.3 A3 37 116 
+4506 1.3 c42 СОЛЕ 
+121353 13 B8 25 7270 
—5925 15 ВІ 05 235 


f Visual binary. 


Separate masses 





( М, 
‚69 


V 
km/s 
— 8 
+20 
—22 
2514 
4-30 
— 5 
+24 


EDS 
— 12: 
—26 
4-21 
4-54 
-- 8: 
+ 2: 


++1+1+ 


2 


1 
1 


р 


"378 
012 
799 
2122 
073 
091 


002: 


‚294 


006: 





Ms 


44 
20 
‚06 
63 
19 
‚86 
85 
.84 


25 


72 
14 


ОҒ 


—44: 


I Has distant companion. 


The magnitude shown is the combined visual magnitude. 


| эрес эсш 


binary. m= magnitude, Sp = spectrum, и — proper motion, 0 — position angle, / — radial velocity, P — parallax, 


М = absolute magnitude. 
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TABLE 860.—STELLAR TEMPERATURES AND DIAMETERS * 753 


Main sequence mv Sp t Mv T R d и р 
B Centauri ...... .9 B3 „036 —1.3 21,000°K 11 . 7001 (25) 018 
>} 5соОгри _........ 4.3 B3 .009 — 8 21,000 32 .0003 (5.2) ‚16 
B Aurigae À .... 28 40 034 6 10,700 2.4 0008 2.2 13 
а уга es .1 40 ПЕС 5 10,700 2.4 003 (3.0) ЛІ 
a Can Maj A ...—1.6 A0 .378 1.3 10,700 1.8  .006 2.4 .42 
a Aquilae ....... ‚9 44 ‚206 2:5 8,800 1.4 .003 (1.7) ‚б 
accan Mino s 5 | dF4 .204 2.8 6,100 1.99 .006 ІР! ‚16 
a Centauri A .... 1 463 £755 4,5 5,850 10 .007 1.1 1.1 
70 Орћшс А .. 43 ако ‚192 5:7 5,740 10 .002 9 9 
51 СУРШЕА ..... Б.О ак» 298 8.0 4,300 7 .003 (.45) 1.3 
Krüger 60 A .... 98 4М4 256 11.8 3,180 .34 .0008 .26 9. 
Barnard's Star ... 94 амМм5  .544 13.1 3,020 116 .0008 (18) 45: 

Giants 

a Aurigae A 2 оС | 073 - .5 5,150 12 ‚007 4.2 .0024 
а Воо... Е... 2 “Gy Ql) 091 ‚0 4,620 30 023 (8) „0003 
ailau rie.. e.. 8 ОА 5 058 — 4 3,940 70 034 (5) 1.4105 
B Pega... ie: 22 gM3 016 —1.0 3,390 160 ‚025 (б) 1.5х 1075 
а Опо... 9 сМ2 017 —40 3,060 480 (048 (35) 3x107 
a SCcOoFDIB A ..... 12 2 0005 —3.5 3,060 380 .042 (22) 5х0 

White dwarfs 
а Сап Мај В ... 85 Е 378 114 7,500 034 .00012 96 5X10 
40 Eridani B .... 94 A 200 10.9 11,000 018 00004 44 7Х10 
van Maanen’s Star. 123 Е 245 142 7500 009: 00002 (14) 10-10" 


Many of the data were taken from the reference given in footnote 277. The spectra, magni- 
tudes, radii, parallaxes, and densities have been revised for some of the stars. The letters A and 
B denote the brighter and fainter components, respectively, of binary stars. 

Apparent (visual) magnitude is denoted by mv, spectral class by Sp, parallax in seconds of arc, 
p, absolute (visual) magnitude by М., radius in terms of the sun by К, apparent diameter in 
seconds of arc by d, mass in terms of the sun by uw, and density by p (in g/cm’). 


* Prepared by Edith J. Tebo, Harvard College Observatory. 
277 Russell, Dugan, and Stewart, -\stronomy, p. 740, Ginn & Co., 1926. Used by permission. 


TABLE 861.—SPECTRUM TYPE AND MEAN VISUAL 
ABSOLUTE MAGNITUDE * 


Main Super- Main Super- Sub- 
Type sequence giants Type sequence Giants giants giants 
О —3.8 m Е 5 + 3.7 +1.2 --4.2 
В0 — 3.1 — 5.4 Е 8 + 4.1 + 8 —4.0 
В 1 —2.6 —5.4 G0 + 4.4 + .6 --3.8 A 
B2 —2.2 --5.3 G2 + 4/7 + 6 —3.6 A 
B3 —1.7 — 5.3 G 5 + 5.1 + .5 —3.2 +3.0 
I5 — 8 --5.2 (78 + 5.5 + .5 —2.8 ae 
В 8 + 2 —5.0 KO + 5.9 + .5 --2.6 +3.0 
В9 + .4 —5.0 A + 6.3 + .5 —2.3 T 
AQ e —4.9 K 5 iT 2 —20 
42 --1.2 --4.8 K8 + 7.7 0 ER 
43 +1.5 —4.8 MO + 8.4 -- .2 — 4.5 
А 5 +1.7 --4.7 М 1 + 9.0 T Ж 
48 --2.3 --4.5 М2 + 9.6 
FO +2.6 —4.4 M3 +10.4 
F2 +3.1 --4.3 М4 +11.5 

М 5 +13.6 

For Type №, М = —0.5; and for Type N, M = —2.0. 


* Prepared by R. E. Wilson, Mount Wilson Observatory. 
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TABLE 862.—REDUCTION OF VISUAL TO BOLOMETRIC MAGNITUDE * 


The bolometric corrections (B C) given in the table are added algebraically to visual 
magnitudes. From tables by G. P. Kuiper,?? slightly revised for O and B stars by same 
author. The (effective) temperature, Te, scale of the O and early B stars is still to be re- 
garded as provisional. The corrections for Os— Fo stars are based on the stellar tem- 
perature scale and on theoretical spectral-energy curves. For КЊ — M; stars they are 
based on radiometric observations by Pettit and Nicholson. 


Giants Supergiants 
Main seq Main seq (M — 0) (М = — 

Lec Jd — ME — — end 
Type BC Te Type EC Te BC Te BC Te 
Q5 --5.3: 100,000: FO 0 6500 a0 6500 0 6500 
Об —48 70,000: F2 -- 04 6100 -- 04 6100 —.04 6100 
O7 —4.3 50,000 F5 — 04 60 -- 08 580 — .12 5720 
O8 —3.9 41,600 F8 - 05 6050 --17 5500 — 28 5150 
09 --3.5 35,000 G0 --.06 6000 — .25 5240 — 42 4830 
BO —3.0 28,500 G2 -- .07 5900 | — .31 5070 --.2 4650 
Bi —2.8 26,300 G5 — .10 5770 — 39 4880 -- 65 4480 
B2 —2.5 23,000 78 —.10 5770 — 47 4720 — 80 4330 
Bs —2.3 21,000 K0 — 11 5740 — .54 4620 — 93 4240 
В4 —2.1 19,300 K2 — 45 5580 — .72 4420 --120 4060 
BS --1.9 17,800 K3 — 3 5070 — .89 4260  —1.35 3940 
Вб —1.6 15,600 K4 — 55 4600 —1.11 4120  —1.56 3780 
B7 --1.4 14,300 К5 -- 85 4300 —1.35 3940 --186 3590 
В8 --1.2 13,100 Кб —1.14 4100 Ет. 
В9 — 9 11,600 MO —143 3880 --155 3800  —22 3420 
40 -- 7 10,700 М1 —170 3700 —1.72 3680 —26 3230 
A1 — .6 10,150 М2 --203 3540 --1.95 3560 —3.0 3060 
42 — .5 9,600 M3 —2.4 3320 -226 3390 | —3.6 2840 
A3 — 4 9,000 М4 --27 3180 -272 3160 
A5 — .3 8,500 M5 —3.1 3020 —3.4: 2920 
А7 — 2 7,900 
ЕО — .0 6,500 


* Prepared by G. P. Kuiper, Yerkes Observatory. 
278 Astrophys. Journ., vol. 88, p. 446, 1938. 


TABLE 862A.—RUSSELL-HERTZSPRUNG DIAGRAM * 


Absolute magnitudes (ordinates) of 3,915 stars of different spectrum types (abscissae) 
determined by the spectroscopic method by W. S. Adams and his associates (courtesy of 
Mount Wilson Observatory, 1932). The diagram shows distinctly the division of types 
G, and later, into giants (high-luminosity stars) and dwarfs (low- luminosity) with few 
intermediate stars. The curve simulates the mirror image of the figure 7, and with the 
addition of much new material confirms fully that first drawn by Russell in 1913. 

The majority of the stars may be divided into dwarfs, giants, and supergiants (a few 
stars do appear to have luminosities intermediate between these classifications). The 
luminosity of the dwarfs decreases regularly with advancing spectral type (reduced sur- 
face temperature); it drops abruptly for the coolest. Among the giants the luminosity 
decreases until about class F 5 and then increases with decreasing temperature at least as 
far as the early subdivisions of class M. For supergiants, the luminosity does not appear 
to change appreciably with spectral class. 

In the diagram, the concentration into vertical columns is purely an effect of rough 
spectral classification. Most of the stars on this diagram belong to Population Type I 
(Table 874). The white dwarfs occupy the lower left corner (Table 872). 

Kuiper "? has more recently derived the empirical mass luminosity relation for (1) the 
visual binaries, (2) some selected spectroscopic binaries, and (3) Trumpler’s massive stars 
in clusters. His diagram is reproduced in figure 33. Morgan, Keenan, and Kellman ™” 
have presented a preliminary calibration of their luminosity classes in terms of visual ab- 
solute magnitudes, which includes P stars as well as subclasses (intermediates between 
giants and dwarfs and between giants and supergiants). 


* Prepared by Edith J. Tebo, Harvard College Observatory. 
278 Astrophys. Journ., vol. 88, p. 472, 1938. 
299 Am atlas of stellar spectra, p. 34, University of Chicago Press, 1943. 
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LATE-TYPE DWARFS 
5 MO E 





*6 КСЕ es E E 


43 


Fic. 32.—The Russell-Hertzsprung Diagram 
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TABLE 863.—LOG (NO. STARS)/(SQ. DEGREE) BRIGHTER THAN PHOTO- 
GRAPHIC MAGNITUDE, m, AT STATED GALACTIC LATITUDES * 





Ratio Nos. Кано 
successive Nos. at 
magnitudes 0? + 90° 
nm og ——" 
т +90° +40° +20° +410° 0* —10* —20* —40* —90* -+90° 0° —90° +90° —90° 
50 8.15 8.24 8.37 849 877 865 8.50 825 8.07 41 5.0 
6.0 859 8.72 8.85 8.95 922 910 8.94 871 8.62 25 28 35 4.3 4.0 
7.0 9.02 9.18 9.31 9.41 9.64 9.51 9.35 9.16 9.08 27 2.6 2.9 41 3.6 
8.0 9.44 9.62 9.77 9.87 .09 993 979 900 950 2.6 28 26 4.5 3.9 
90 086 05 2141 55 37 22 (04 9% 22829 20 49 43 
10.0 25 ЛЕУ 7/7 102 82 67 47 32 2570725 50 5.0 
11.0 63 ӘЛӘЕЙІ2І 149 120 11 99 72898924 850 25 727759 
120 101 126 1.50 1.64 1.95 1.70 1.54 129 112 244729 25 87 68 
13.0 1.38 1.63 1.90 2.05 2.39 2.14 1.95 1.68 1.48 9-28 26710 8.1 
140 ІЛ! 1977228 245 292 25/7 2234 203 1.78 27 20867916 11 
150 1.98 2.30 2.66 2.85 3.22 2.999 2.72 2.34 2.02 1925 17 17 16 
160 226 261 3.02 3.25 3.60 3.39 3.07 2.64 226 19°24 17 22 2 
170 2.53 2.90 3.36 3.64 396 3.76 3.40 2.92 2.48 ОГ УРТ ЛТ 30 
180 279 315 367 3.97 4.32 410 368 318 2.70 1823 17" 34 42 
19.0 16 20 
20.0 | 19 
21.0 14 1.9 


(Characteristic 8. or 9. means, of course, —2. ог —1.) 


For values averaged over all galactic longitudes see reference, footnote 281. An excess 
of stars, relative to the averages, between longitudes 230% апа 50°, and a deficit elsewhere, 
reflect the eccentric position of the sun within the stellar system, which, in a first approxi- 
mation, may be regarded as a greatly flattened spheroid. For more detailed values for both 
longitude and latitude see references, footnote 282. The Groningen numbers are generally 
larger than the Mount Wilson values, notably so in low galactic latitudes. This defference 
arises partly from the irregular influence of the highly complex structure of the stellar 
system and especially of the obscuring dust clouds in and near the Milky Way. Mount 
Wilson results were derived from counts of stars in small areas at and north of declination 
—15°; Groningen results from sample counts over the whole sky. The Groningen magni- 
tude scale for faint stars south of declination —15° is, however, somewhat in doubt and 
may also affect the totals. 


* Prepared by F. H. Seares, Mount Wilson Observatory. 

?31 van Rhijn, Groningen Publ. No. 43, Table 6, 1929. 

282 van Rhijn, Groningen Publ. No. 43, Table 10; Seares and Joyner, Mount Wilson Contributions 
T 346, 347; Astrophys. Journ., vol. 67, p. 24, 123. 1928; Publ. Astron. Soc. Pacific, vol. 40, p. 303, 


TABLE 864.—STARS OF LARGE PROPER MOTION * 


Star m Sp i 0 Star m Sp m 9 

+ 4:3561 ..... 9.4 ам5 10:26 356° W 489 ........ 148 DC 3492 072525 
—44:612 ...... 9.0 sdMO 874 131 Proxima Cen ... 11.5 dM : 3.85 282 
+38: 2285 ..... 64 466 7.04 145 + 5:1668 ..... 101 аи5 3.76 ІЛ 
— 36: 9694 ..... 73 аМ1 6.91 79 p Cassiopeiae 53 3u 5 5/5115 
—37:9435 ..... 85 амз 607 113 a Centauri ~... 3 4863 368 281 
вое: 126 dM6 5.40 167 —15:4041/2 ... 93 5466 3.68 235 
61 Cygni уу. 56 аб 521 52 —39:8920 ..... 66 амо 346 251 
493022142. 5. 75 dM2 478 187 L 72099 ©. 124 dM6e 3.38 80 
W ве 138 амб 470 235 рб N 123 амо 327 46 
е sis 47 dK5 469 123 А ee а 12.7 заК8 3.20 174 
+44:2051 ..... 87 АМТ 4.49 282 --43: 354 ...... 43 465 315 76 
ос Епдат ..... 45 ако 4.08 213 В 14.1 


М2 300 1572 


m = magnitude, Sp = spectrum, # = proper motion, @ = position angle. 


Stars have been identified with their B.D. or C.P.D. numbers. In case of multiple stars the 
magnitudes and spectra of the brightest component are given. For further information on stars 
possessing large proper motions see references, footnote 283. 


* Prepared by W. Luyten, reyes sity of Minnesota. 
783 Lick Obs. Bull. No. 344; Harvard Cire, 283; Publ. Cincinnati Obs. LO 18; Publ. Astronomical Obs. 
Univ. Minnesota, vol. 3, No. 1. 
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TABLE 865.—NUMBERS AND EQUIVALENT LIGHT OF THE STARS* 757 


Equiva- Equiva- 

lent no. lent no. 
Photographic lst mag Totals Photographic lst mag Totals 
magnitude Number of stars (отар magnitude Number of stars to mag 

m stars (photogr) m "m stars (photogr) m 
— 1.6 Sirius 11 11 8.0- 9.0 40,600 40 258 
— 9 a Carinae 6 17 9.0-10.0 116,000 46 304 
0 a Centauri 2 19 10.0— 11.0 304,000 48 352 
.0— 1.0 8 14 99 11.0—12.0 789,000 50 402 
1.0— 2.0 24 15 48 12.0—13.0 2,000,000 50 452 
2.0— 3.0 66 17 65 13.0— 14.0 4,950,000 50 502 
3.0— 4.0 188 19 84 14.0—15.0 11,500,000 46 548 
4.0— 5.0 767 31 115 15.0—16.0 25,400,000 40 588 
5.0— 6.0 2,000 22 147 16.0--17.0 56,000,000 55 623 
6.0— 7.0 5,360 34 181 17.0—18.0 115,000,000 29 652 
7.0— 8.0 


14,800 27 218 15.0— а е 48 700 


This table derived from van Rhijn's counts (Table 7 of reference 281) shows that to photo- 
graphic magnitude 18.0 the total of starlight received is equivalent to 652 stars of photographic 
magnitude 1.0. If all the remaining stars are included, the equivalent addition is only 48 1st-mag- 
nitude stars, giving a total of 700, equal to about a hundredth part of full moonlight. The corre- 
sponding total of stars of visual magnitude 1.0 would be about 1,320, which agrees reasonably 
well with the equivalent total of 1,440 stars (zenith) found by van Rhijn from direct measure- 
ment of the visual brightness of the sky ; or 1,074 stars outside the earth's atmosphere. Density 
Di stellar radiation — 08 ~ 107 erg/cm*. Cosmic radiation density — 1.3 50100: erg/cm (near 
the earth). 

The number of stars in each magnitude interval is still increasing rapidly at m = 18, but the 
run in the numbers in the second column of the table indicates that somewhere about т = 30 
the numbers begin to decrease and eventually to approach zero as the limit of the stellar system 
is reached. The extrapolated total number of stars in the system given by different investiga- 
tions ranges from 30 to 100 billion. The great inherent uncertainty of this total 1s further in- 
creased by the unknown influence of interstellar absorption. 

Practically all the stars visible to the naked eye lie within 1,000 parsecs of the sun, and most 
of them are more than 100 parsecs distant. In the vicinity of the sun, the majority of the stars 
lie within 200 or 300 parsecs of the galactic plane; but along this plane the star-filled region 
extends far beyond 1,000 parsecs in all directions, and may reach 30,000 parsecs in the great 
southern star clouds (Shapley). 


* Prepared by F. H. Seares, Mount Wilson Observatory. 


TABLE 866.—BRIGHT OR WELL-OBSERVED NOVAE* 














С 
Dura- ЕЕ u Expansion velocities in 
Apparent tion Absolute с 2 9 km/sec (absorption lines) 
magnitudes 3 mags Dis- magnitudes BNM 
decline tance ,----”- = Zo Prin- Diffuse 

Nova and year Max Min days parsecs Мах Mm A 5 cipal enhanced Orion 
Aquilae 1918 —1.1  10.8v 8 430 —9.3 +2.6 17-0 +1500* —2200 —4000 
T Aurigae 189] 3.8 148 100 800  —5.3 +57 12 - 400 — 870 —1200 
Carinae 1843 — .8 о ІШ 7 ЕВУ ЗТ M o — 
T Coronae В 1946“ 30 li:v 9 850 —70 +1: .. —1100 —4360 ae cis 
Cygni 1920 20 155 16 140 —89 +46 .09 — 725 —1400 --2500 
Geminorum 10127 35 147 37 700° 4 гла = BOOT = TAONE 
DQ Herculis 1934 14 15: 100 230 —5.5 47.5 27 - 318 — 800 --1100 
CP Lacertae 1990 21 153 9 1350 -86 +46 25 —15007 —3200 --3800 
R5 Ophiuchi 1955* 4:3. 11.0 9 1150" —80: —1.3 T Note T M 
Persei 1901 У 13 470 -84 -4:у 4 --1300 --3500 --3700 
RR Pictoris 1925 122 127. 15 500 —73 +42 17 - 320 — 750 --1500 
CP Puppis 1942 4 [17 7 500:* —8: [4-8.5 ..  — 1000 NM ег. 
RT Serpentis 1909° 10.5 [16 8000: 3300” -3.6" T s small КО Ns 
Е Рухі 19445 64 136 130 1370” -54” -16 .. 940 — 1800 -—1900 
lauri 1051 3857 о 1180 —16 +43 .20 —1100 er n. 
* Prepared bv D. B. McLaughlin, University of Michigan. a, .\bsorption velocities increased with time: 

N Aql, to —1700 km/sec: CP Lac, to —2500 km/sec. b. Absolute magnitude assumed; distance based on 
assumed absolute mag mitude. с, Recurrent novae: Т Cri; RS Oph, 1898, БРУХ, 1850 1902, 1920, 
T CrB: distance based on spectroscopic parallax of class M companion. d, Nova Gem and CP Pup; 
distances based on strength of interstellar calcium lines. e, RT Serpentis reached maximum іп 1919, 


f, Nova Tauri 1054; a super nova; now the Crab Nebula. Note on velocity of RS Ophiuchi: there was no 
system of ahsorption lines at the short- wavelength edze of the emissions as in other novae. 
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758 TABLE 866A.—MASS LUMINOSITY RELATION * 


The mass-luminosity relation is shown in figure 33, which is based on data by G. P. 
Kuiper." Dots and open circles represent visual and spectroscopic binaries, each com- 
ponent being shown separately. Crosses represent several visual binaries in the cluster of 
the Hyades. Squares represent the white dwarfs. The symbol © stands for the sun. 


* Prepared by O. Struve, University of California, Berkeley. 
234 Astrophys. Journ., vol. 88, p. 472, 1938. 
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Fic. 33.—The mass luminosity relation for stars. 


TABLE 867.—CLASSIFICATION OF NEBULAE 


Symbol e. g. 
I Galactic nebulae— m Planetariesc ТЕЕ B N.G.C. 7662 
Ba Diffuse у. К О КОЕ ee ae Р 
(1) Predominantly luminous. DL N.G.C. 6618 
(2) obscure . DO Barnard 92 


(3) Conspicuously mixed ... DLO  N.G.C. 7023 
II Extragalactic nebulae— А Regular 


N.G.C. 3379 EI 
(1) Elliptical ......... ИЯ Е 
1 to 7 shows ellipticity “ 2117 Е7 
(2) Spirals 
(a) Normal spirals ... = S 
(Пе Sa N.G.C. 4594 
(2) Intermediate ... Sb “2841 
(ЧУМО су ЛЛ. Se = 9457 
(b) Barred spirals ..... SD 
Clearly ле 3 SBa МСС. 2859 
(2) Intermediate ... 5Вс 4 2051 
(ОЕ. SBc “ 7479 
B: Irregular о ни ШЕ. Irr N.G.C. 4449 


Extragalactic nebulae too faint to be classified, “Q” 
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TABLE 868.—STELLAR RADIATION MEASUREMENTS * 759 


Radiometric magnitude of any star — visual (or photographic) magnitude of a spectral 
class -1° star giving the same radiometric deflection. If mmr, Mpr, and Mpg are, respectively, 
radiometric, photovisual, and photographic magnitude, then Color Index, СІ-- (трг — 
Mpo); heat index, H Ip == пр — т,; po = Mpg — Mr. Spectral class: Henry Draper, 
revised by D. Hofħeit (DH); by W. W. Morgan (WWM). All measures reduced to 
zenith at Mount Wilson; two reflections from fresh silver; zinc-antimony black thermo- 
junction; rock salt window. Stars of known or suspected variability are rejected from 
this list. 

АП the stars were in both the Mount Wilson and Harvard observing programs.” 

The reduction of the Mount Wilson and Harvard data to a common basis has been 
rather difficult. The following are the principal factors that differ between the Mount 
Wilson and Harvard observations. 


(1) The Atmosphere.— There was more water vapor over Oak Ridge than Mount Wil- 
son; hence, early-type stars would be too faint at Oak Ridge. 


(2) The thermocouple blacking.—Probably the surfaces were equally “black” in the 
ultraviolet and visible regions; the Harvard surfaces were blacker in the infrared; 
hence, late-type stars would be too faint at Mount Wilson. 

(3) The cell window.—Rock salt was used at Mount Wilson; fluorite was used at Har- 


vard. These are equally good throughout the ultraviolet, visible, and infrared to 
the region of 6 to 8 microns. For longer wavelengths, rock salt is better. The effect 
of this difference is in the opposite direction to the thermocouple blacking in (2) 
above. However, the very small percentage of stellar energy beyond 8 microns and 
absorption bands in the earth’s atmosphere means that the difference in the cell 
windows has a very mucli smaller effect than the thermocouple blacking and, there- 
fore, (2) above dominates. 


A systematic difference exists between the Mount Wilson and Harvard observations 
which follows a pattern predicted in accordance with factors (1) and (2) above. There- 
fore, corrections which are usually less than 0.1 magnitudes have been applied. The largest, 
0.16 magnitudes, is for 51 Gem. This correction brings the two sets of data into better 
agreement but there remains an apparent difference tn zero-point of about 0.13 magnitudes. 
Since it 1s impossible to determine which of these two sets of observations is in error, the 
mean of the Mount Wilscn and Harvard data has been taken, corrected as indicated for 
factors (1) and (2) above. These mean values are the data given in the m, column. 








Magnitude Speciral class Magnitude Spectral class 

Star т, т, т, DH .WWM Star ma, т, т, DH WWM 
а Апа 211 208-2127 Б; 2277 51 бет 4.85 а. 217 SNO 
B Cas 224” 2622 27 -РБ. Е. Ш а СМІ 40 ‚83 10 Fs F, V 
Y Peg 3:00 267 283 Б; PON B Gem VIS 221 97 Ko KoI 
В Апа 2.07 394 28 К, К, Ш e Leo 2.96 244 Сб б П 
a Cet 2.54 4.47 53 Mo Mz, Ш m Leo 4,52 sse 27 . 
а Рег 1.78 243 147 F; Fs I B UMa 2.34 240 2.50 А, Жл, 
» Tau 20202 299 Bit шу... a UMa 170 309 102 С Ю Ш 
а Тац 77 270 —80 К. К, И а Сур 124 140 117 ЛА 
а Айг 14 1.03 —.53 С. е? І В Рер 2:25 4.39 |, Ма 
B Tau 2 100 В 2. а Рер 2.56 2.53 102 SORS 

* Prepared by R. M. Emberson, Research and Development Board, Washington, D. C. 

?*5 Pettit and Nicholson, Astrophys. Tourn vol 56 р. 295. 1922. vol. 68, p. 279, 1928; vol. 78, p. 320, 1933. 


Stern and Emberson, Astrophys. Journ., vol. 94, p. 412, 1941. 


TABLE 869. —NONGALACTIC NEBULAE 


Some 400 considered. Distribution of magnitudes appears uniform throughout sequence. 
For each stage in the sequence the total magnitude (Mr) 1s related to the max diameter 
(d) by the formula: Mr -— C-5 log d. When minor diameter is used, C approx constant 
throughout sequence (C — 10.1). Mean absolute visual magnitude — 152) The statistical 
expression for distance in parsecs is log D = 4.04 +0.2 Mr. Masses appear to be of the 
order of 2.6 X 10° X our sun's. Apparently nebulae as far as measured are distributed 
uniformly in space, one to 10'* parsecs? or 1.5 X 10? in cgs units. 

Corresponding radius of curvature of the finite universe of general relativity 1s of order 
of 2.7 X 10? parsecs, about 600 times the distance at which normal nebulae can be detected 
with the Mount Wilson 100-inch reflector. 
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TABLE 870.—VARIABLE STARS, GENERAL CHARACTERISTICS ** 


The task of cataloging and naming variable stars was delegated in 1946 by the Inter- 
national Astronomical Union to the Sternberg Astronomical Institute in Moscow. The 
1948 General Catalogue lists 10,912 variable stars; a supplement lists 265 additional vari- 
ables discovered in 1948. Several thousands of variable stars in globular clusters, in the 
Magellanic Clouds, and in the nearest galaxies are not included in this catalog, nor are 
thousands of stars whose variability has been announced, but which are not officially 
recognized pending confirmation. The total number of variable-star discoveries announced 
until 1950 probably amount to 20,000. 

Classification.—Variable stars, with the exception of eclipsing binaries (see Table 
879), can be divided roughly into three major groups: (1) Pulsating stars. The variables 
of this group are all giants, located above the main sequence in the Russell diagram. 
(2) Explosive stars. The variables of this group are, as far as is known, dwarfish; 
located below the main sequence in the Russell diagram. (3) Erratic variables, whose 
light, fluctuations, mostly of an erratic nature, are produced by external causes (nebulosity) 
or by peculiar phenomena in their atmospheres. 

Pulsating stars.—Cephcids. Usually divided into cluster-type variables, with periods 
shorter than one day, and classical Cepheids, with periods longer than one day, although 
at least five subgroups are indicated. 

Cluster-type variables belong to Population II, have spectra ranging from 4 to F, 
absolute magnitudes close to zero: most variables found in globular clusters belong to 
this group. Periods range from 07.061 (CY Aquarii) to 1°.35 (a star in the w Centauri 
cluster), with the greatest concentration around 07.53. Typical variable: RR Lyrae (nd 
— 87.0; period 0*.57; spectrum .4 2 — F0). About 1,700 galactic objects and 600 stars in 
globular clusters are known to belong to this group. 

Classical Cepheids belong to Population I, have spectra ranging from F to K, with 
marked dependence on period, and intrinsic luminosities i increasing with the period (period- 
luminosity law) from —0".5 to —3™“ (absolute visual magnitudes). Periods range from 
12.13 (BQ Coronae Austrinae) to 45*.2 (SV Vulpeculae), with the greatest concentration 
around 23.7. Typical variable: 5 Cephei (3".8 — 4™.6, period 57.37, spectrum F 5 — G 2). 
About 500 galactic stars and 2,500 stars 1n the Magellanic Clouds and other extragalactic 
systems are known to belong to this group. 

For both cluster-type and classical Cepheids the shape of the light curve is a function 
of the period; the rise to maximum 1s always faster than the decline. Average visual am- 
plitude 0".75; photographic amplitudes 50 percent larger. Radial-velocity curves are in 
phase with light curves (maximum approach at maximum light); Average amplitude 
30-40 km/sec. 

Long-period variables. Typical variable: o (Mira) Ceti (27.0 — 10".1; period 3317; 
spectrum M бе). Characterized by very large amplitudes (from 4 to 10 magnitudes, visual), 
late spectra (M, S, R, N) with bright hydrogen emission lines near maximum light, un- 
stable light curves and periods ranging from 120" (W Puppis) to 1379" (BX Monocerotis). 
Greatest concentration of periods around 275". Long-period variables seem to fall into 
two major groups, whose periods overlap to a great extent. Stars of the first group have 
nearly symmetrical light curves with moderate amplitudes and periods ranging from 120° 
to 450°; they seem to belong to Population II. Stars of the second group have strongly 
asymmetrical light curve (rise faster than decline), large amplitudes and periods upward 
of 200! ; they seem to belong to Population I. 

The enormous visual (and photographic) amplitudes are accounted for by a shift in the 
effective wavelength of the radiation with phase and by the formation of strong absorption 
bands at minimum light in the visual region of the spectrum. The total (bolometric) 
radiation has an amplitude of only one magnitude. Absolute bolometric magnitudes near 
—4. About 2,600 stars are known to belong to this group. 

Semiregular red variables. Typical variables: Af Cygni (67.3 — 8".0; period 894: 
spectrum M6). Spectra similar tu those of long-period variables, except for much weaker, 
or entirely absent, hydrogen emission lines. Amplitude mostly comprised between 1 and 3 
magnitudes (both visual and photographic). Light curves very irregular, often erratic; 
periods ranging from 42° (TX Tauri) to 810" (S Persei), but mostly comprised between 
100° and 200"; several unrelated periods often occur in the same star and for many vari- 
ables periods have only a statistical significance. Then mean brightness often changes 
slowly, with cycles of 1,000-2,000 days. Absolute visual magnitudes high, between 0 and 
—4. Their galactic distribution suggests Population II. Total number of recognized 
variables 600. 

RV Tauri stars. Typical variable: RV Tauri (8".7 — 11".8; period 393.3; spectrum 
KIV). Spectra Cepheid-like, but light curves similar to those ‘of the preceding group. 
Deep and shallow minima often alternate. Periods (intervals between two successive 


* Prepared by L. Tacchia, Massachusetts Institute of Technology. | 
286 Kukarkin, B. V., and Parenago, P. P., Fiziceskie Peremennye Zvjozdy, 1937; Gaposchkin, C. P., 
and Gaposchkin, S., Variable stars, 1938; Camphcll, L., and Jacchia, L., The story of variable stars, 1941. 


(continucd) 
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TABLE 870.—VARIABLE STARS, GENERAL CHARACTERISTICS (concluded) 


minima, irrespective of principal and secondary) range from 16*.5 (SX Centauri) to 73! 
(R Scuti). Galactic distribution suggests Population I. Only 60 stars can be safely 
assigned to this group. 

Explosive stars.—U Geminorum stars. Typical variable: U Geminorum (8™.8 — 
14".0; average cycle 97*). Characterized by long permanence at minimum light, interrupted 
by brief, sudden explosions which bring the star almost always to the same maximum mag- 
uitude; the time between explosions might vary as from ! to 4 for an individual star, but 
the average length of cycles over long periods of time are constant for each star. Average 
cycle length ranges from 13° (AB Draconis) to 340° (AW Geminorum). A few stars 
undergo temporary spells of continuous, irregular fluctuations. The amplitude increases 
from 3 magnitudes for short-cycle stars to 5 magnitudes for long-cycle stars. Spectra are 
of early type and peculiar ; hydrogen lines in emission at minimum in absorption at maxi- 
mum galactic concentration low for short-cycle variables, greater for long-cycle ones. 
Group numbers about 70 stars. 

Z Camelopardalis stars. Typical variable: Z Camelopardalis (10".5 — 13".3; average 
cycle 221.1). Similar to the preceding, but with shorter minima and smaller amplitudes ; 
erratic variation is the rule rather than the exception: Less than a dozen stars are known 
of this type. 

Novae, repeating novae, and novaelike stars. Novae are stars that suddenly blaze up 
with startling rapidity and then gradually fade out again. For data on bright or well- 
observed novae see Table 866. A repeating (or recurrent) nova, such as T Pyx, has 
several outbursts, any one of which would have identified it as a nova. A novalike star, 
e.g., Z Andromeda, from time to time shows novalike characteristics with the formation 
of a shell spectrum and displaced absorption lines and later emission lines. Nebular lines 
are often associated with these objects. 

Erratic variables.—R Coronae Borealis stars. Supergiants with G and R spectra and 
an abnormal abundance of carbon in their atmospheres. For long periods of time (often 
years) the light remains constant at maximum. At entirely irregular intervals the light 
is dimmed, probably by a carbon veil, with resulting fluctuations which may reach 9 or 10 
magnitudes. Typical stars: R Coronae Borealis (variable from 5".8 їо 15".0), КҮ Sagit- 
tarii (variable from 5".9 to 15".0 and probably fainter). Only 23 stars are known to 
belong to this type. 

Variables associated with nebulosities. Stars in gaseous nebulae of the diffuse or of the 
cometary type, or even in dark nebulae, often show erratic variations with various ampli- 
tudes and speeds. At least three subtypes are indicated, typified by the following stars: 
T Orionis (9".6 — 11™.9; rapid; often constant at maximum); R Monocerotis (10" — 14" ; 
slow); RW Aurigae (9".0 — 13.5; very rapid, no constant light at any time). About 200 
stars can be attributed to one or the other of these groups. 

P Cygnt and Be Stars. These early-type giants are normally quiescent, but occasionally 
some of them undergo slow fluctuations of moderate amplitude (1" — 4") which last over 
a series of years. Typical: P Cygni (3" — 6"), active in the 17th century ; y Cassiopeiae 
(1".6 — 3™.0), active after 1936. 


TABLE 871.—VISUAL BINARY STARS* 


A. Visual binary stars are cataloyed as follows: 


1. "New General Catalog of Double Stars within 120° of the North Pole" (abbre- 
viated: ADS = Aitken Double Stars), by R. G. Aitken, Carnegie Inst. Wash- 
ington Publ. 417, 1932 (2 vols.); contains 17,180 objects. 


2. ADS is the successor to BDS =“A General Catalog of Double Stars within 
121° of the North Pole,” by S. W. Burnham, Carnegie Inst. Washington Publ. 
5, 1906 (2 vols.); this catalog contains 13,665 pairs. About one-third of these 
(mostly wide objects) are not repeated in ADS. 

3. SDS or “Southern Double Star Catalog,” from —19° to —90° declination, by 
R. T. A. Innes, B. H. Dawson, and W. H. van den Bos, Union Observatory, 
Johannesburg, South Aírica, 1927 (4 vols.). 


4. Many wide double stars of interest are contained in “Measures of Proper Motion 
Stars," by S. W. Burnham, Carnegie Inst. Washington Publ. 168, 1913. 


B. A full discussion of mass determinations of visual binary stars is found in "The 
Masses of the Stars with a General Catalog of Dynamical Parallaxes,” by H. N 
Russell and C. E. Moore, Univ. Chicago Press, 1940. 


C. Orbits of visual binaries are listed in W. H. Finsen, “Second Catalog of Orbits of 
Visual Binary Stars," Union Obs. Circ. 100, 1938. ‘Supplementary orbits are found 
in later Union Observatory Circulars and in the Astronomical Journal. 

* Prepared Бу G. P. Kuiper, Yerkes Observatory. 
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Star те СІ Sp m Р Mv (сус | ae 
m m 

ҚТА EET 12:3 - .69 DF 2:98 2245 14.2 000: 10-10 
ови У а Бани те 9.4 ПЕ РА 4.08 .200 10.9 O18 7x10‘ 
Sirius D CE 8.5 к DF 1.32 .378 11.4 ‚034 5X10‘ 
Не УИ 12.0 —.80 РВ 50 066 11.1 002: 10-10: 
ВА 14.7 -.15 DC 135 m W- 012: 10—10 
О 15.0 +.15 DE 35 S me 012: 10—10 
239-44 ви 17.2 +.2: T „57 ee ee 005: 10? 
МАО АЕН. 14.8 4-.77 DC. 3.92 129 15.4 (012: 10-104 
LDSSTOZ8 A SUD. 12.0 —.14 DA .20 M are 014 10° 





p = parallax, u = proper motion, Sp = spectrum, m = magnitude, M = absolute magnitude. 


A representative selection of white dwarfs is given above, including the two stars for 
which the masses are known (o: Eri B and Sirius B), the bluest white dwarf (He 3), the 
reddest degenerate star (W 489), the only known double white dwarf (LDS 275), the 
faintest known white dwarf (L 39-44) and a typical example of a white component of 
red-white dwarf double (LDS 678 which has a red component of 13.7 vis with a color index 
of +1.81). 

The values given for the radii and the densities (p) are in most cases very uncertain 
estimates based on very approximate parallaxes and estimated masses. 


* Prepared by W. Luyten, University of Minnesota. 


TABLE 873.—LOW-DENSITY STARS, GIANTS * 


Visual Density Radius Mass 

Star Type abs mag sun — 1 sun 1 sun = 1 

ci. (Ose 0) (er cM 2 —4.0 Sx 10 480 (95) 
ООН № 2.......... cM 2 — 3.5 50710 380 (22) 
РАС о 4М 3 —1.0 о. 160 (6) 
ам e ee rre gK 5 — 4 1.4% 107 70 (225) 


* Prepared by W. S. Adams, Mount Wilson Observatory. 


TABLE 874.—GIANT AND DWARF STARS* 


The table gives a list of typical supergiants, giants, and main-sequence stars. The rela- 
tions between the absolute magnitudes aud spectral types of the stars are conspicuous and 
complicated. Along the main sequence M (visual) falls very rapidly from about —4 for 
class O to 4-14 for M 6. For identical spectra, the scatter about the mean is of the order 
of X1". The normal giants form a sequence with M ranging from about 0 for class G2 
to —1.5 for M 8 with a somewhat greater scatter. Supergiants, with M from —4 to —7, 
are found sparingly in all spectral classes. The white dwarfs, of which nearly 100 are 
now known, form a widely separated group with spectra from A (or perhaps B) to С апа 
with M from +10 to +15. Subgiants, one or two magnitudes fainter than the normal 
giants, are recognizable and the existence of other sequences is indicated by recent precise 
work. 

The above discussion applies to stars of Population Type I, which is found in many 
parts of the galaxy, the arms of spiral nebulae, and other regions where absorbing inter- 
stellar material is present. Population 1I, in regions far from such matter, includes no 
supergiants or bright blue stars and the relation of the sequences are different. This type 
is found in the globular clusters, the elliptical nebulae, and the central regions of spiral 
nebulae and the galaxy. Both types occur near the sun. 

The majority of the stars visible to the naked eye are giants, since these, being brighter, 
can be seen at much greater distances. Classes F and G comprise the greatest percentage 
of dwarf stars among those visible to the eye. The dwarf stars of classes K and M are 
actually much more numerous per unit of volume, but are so faint that few of the former, 
and none of the latter, are visible to the naked eye. 


* Prepared by R. E. Wilson, Mount Wilson Observatory, and E. M. Janssen, Harvard College 
Observatory. 


(continued) 
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TABLE 874.—GIANT AND DWARF STARS (concluded) 768 


Typical supergiants, giants, and main-sequence stars 


Mount 
Wilson 1950 
type Star Boss Vis mag 
h m 
сво е Оп 1370 1.8 5 301 -- 1214 
4В0 k Ori 1435 D 5 45.4 -- 9 41 
dB 1 „n Ori 1301 3.4 5 22.0 — 2 26 
dB 3 т, Aur 1204 3.3 5 03.0 +41 10 
cB 5 n CMa 1934 2.4 7 2289 --29 12 
9В 5 б Рег 838 S 3 39.4 +47 38 
dB 5 T Her 4162 3.9 16 18.2 +46 26 
cB8 B Ori 1250 2 ЗС — 8 15 
gB8 p Tau 1304 1.8 5 238] --28 34 
dB 9 a Peg 5944 2.6 23 025 +14 56 
940 ô Cyg 5048 3.0 19 434 +45 00 
dA 1 ШІ 4722 1 18 352 1-38 44 
cA2 a Cyg 5320 1.3 20 39.7 +45 06 
а42 а СМа 1732 1.6 6 42.9 --16 39 
445 8 Тгі 482 34 2 06.6 434 45 
dA 5 B Ari 428 2:7 1 51.9 +20 34 
4.47 у Воо 2722 3.0 14 30.1 +38 42 
dF 0 y Vir 3307 2,9 12 971 — 111 
ge Zz B Cas 12 2.4 0 06.5 4-58 52 
dF 3 a CMi 2008 5 2 307 + 521 
crs a Per 772 1.9 3207 4-49 41 
Df 5 у Ser 4055 3.9 15 54.1 +15 49 
сЕ 8 ү Сув 5229 2.3 20 20.4 +40 06 
oF 8 e Hya 2354 3.5 8 44.1 + 6 36 
dF 8 B Vir 3105 3.8 11 48.1 + 2 03 
dG 0 6 Tri 514 5.4 2 14.0 +34 00 
461 a Aur 1246 2 87190 4-45 57 
cG 2 GC 10756 2099 4,4 7 547 --22 45 
465 y Hya 3449 В 13 16.2 —22 55 
dG 5 K Cet 752 5.0 2 16227 + 3 11 
cG 8 е Сет 1717 3} 6 40.8 +25 11 
gK 0 a Boo 3662 2 14 13.4 +19 27 
ак 0 70 Орћ 4571 4.3 18 02.9 + 2 31 
cK 5 Е Сур 5431 3.9 21 03.1 +43 44 
ок 5 а Тап 1077 | 4 33.0 +16 25 
ак 6 61 Сув А 5433 5.6 20 04. +38 30 
ам 0 61 Cyg B 5434 6.3 20- 04.7 +38 30 
gM 0 B And 250 2.4 ] 06.9 +35 21 
cM 1 a Sco 4193 (22 16 26.3 —26 19 
М2 a Ori 1468 9 555925 + 7 24 
gM 2 a Cet 691 2.8 2 59.7 + 3 54 
ам 2 СС15183 2935 7.6 11 6 +36 18 
cM 5 a Her 4373 3.6 17 12.4 4-14 27 
ОМ 5 56 Гео 2915 6.0 10 53.4 + 6 27 
ам 5 GC 923 9.2 15 169 — 7 32 


TABLE 875.—TEMPERATURE IN INTERSTELLAR SPACE ** 


Because interstellar matter is far from being in thermodynamic equilibrium, the tempera- 
ture of space will depend on the measuring process used. 


Temperature from energy density of starlight......... 3°K 
(Colorstemperaturecor starlight eve s.c rre 10,000 — 15,000°K 

dilution factor 10^* 
Temperature of gas (kinetic) 


Б recon hydrogen neutral) еее. 60°K 
БП сот hydrogen ionized) iseset а ak 10,000° К 
Temperature of erains (internal energy) ............. 20°K 


* Prepared by B. Donn, Harvard University. 

287 Dunham, Proc. Amer. Philos. Soc., vol. 81, p. 277, 1939; Eddington, Proc. Roy. Soc. London, 
vol. A 111, p. 424, 1926; Spitzer, Astrophys. Journ., vol. 107, p. 6, 1948; vol. 109, p. 337, 1949; vol. 111, 
p. 593, 1950; van de Hulst, Rech. Astron. Obs. Utrecht, vol. 11, pt. 1, 1946. 
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764 TABLE 876.—MOTIONS OF THE 5ТАН5% 


The motions of the stars show various well-marked features, of which the ellipsoidal 
distribution and the asymmetry are a conscquence of the rotation of the galaxy; the sig- 
nificance of certain other features is not yet fully understood. If we assume the circular 
velocity around the galactic center (Table 828) as our origin, and plot the individual mo- 
tions of the stars of any group as vectors from this origin, the ends of these vectors do 
not form a spherical distribution (as they would if the motions of the stars were at ran- 
dom) but rather an elongated distribution which is more or less asymmetrical and in 
which the area of highest concentration of the vector points is centered about the origin. 
If for the moment we ignore the asymmetry, the distribution may be characterized as 
roughly ellipsoidal and the approximate extent and shape of the distribution may be 
inferred from the dispersions of the velocity components along each of the three principal 
axes, са, сь, апі ос, іп km/sec. 


Spectral group 288 ба Tb 0c Mg? 
(main sequence) (km/sec) 
AO to A49 17 12 85 180 
F0 to F9 24; 16 124 250 
F5 to GO 27 17 135 240 
G0 to K6 32 16 16} 270 
K8 to M5 27 25 17 170 
(Giant branch) 
KO to K9 234 17 20 1300 
М 0% М9 22 19: 19: 1800: 





The direction of the a-axis is called the direction of the preferential motion; the two 
opposite points on the sky at the extremities of this axis are called the vertices. The 
a-axis for any group of stars is always nearly parallel to the plane of the galaxy. In the 
case of most groups of stars fainter than eighth magnitude, it appears that the a-axis 15 
directed approximately toward the galactic center at longitude 325°? Among stars brighter 
than sixth magnitude the direction deviates from the direction of the galactic center toward 
greater longitudes and the deviation is most marked in the case of the A stars, for which 
the longitude of the vertex is close to 350° In every case the c-axis is directed toward 
some point close to the galactic pole. The asymmetry referred to above characterizes 
the distribution of the components parallel to the b-axis. It is relatively slight when the 
dispersions are small as with the A stars, but becomes very pronounced in the case of 
groups with large dispersions, there being practically no large motions in the direction of 
the galactic rotation (longitude 55°). 

The last column in the table contains the product of the mean stellar mass (in terms of 
the sun’s mass) and the square of the dispersion along the c-axis. This quantity (analo- 
gous to kinetic energy) is practically constant for the various groups of the main sequence 
but is much larger for the giant branch. 

The dispersions of velocities for the B stars, the c stars, and the Cepheids are of the 
order of 10 km/sec and difficult to determine accurately. For long-period variables the 
dispersions average about 50 km/sec and for the cluster-type variables 90 km/sec. 

A general card catalog of radial velocities is kept at Mount Wilson Observatory. It 
now contains approximately 14,000 entries and will be published in the near future. The 
proper motions of all stars brighter than magnitude 7.0 and of many fainter stars may be 
found in the Albany General Catalog. The Transactions of the Yale Observatory contain 
the proper motions of many thousands of stars down to magnitude 9.5 and north of 
declination —30° and two catalogs of the Cape Observatory contain 40,000 proper motions 
in the zone —40? to —52? 


* Prepared by A. N. Vyssotsky, University of Virginia. 
288 Astron. Journ., vol. 53, p. 94, 1948. 
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TABLE 877.—STARS WITH LARGE SPACE VELOCITY GREATER THAN 
200 km/sec, BASED ON PARALLAXES 2 “005 * 





Star mag 


РО 1321 58. 10.8 
200C 879 eec. 10.2 


очеве. 


• . . е 
ev 8 oe 


. . . • • . = 
ву ао в 
etse o 
* е ө ө ө 

«.4... 
. . ө ө е в 
eevee 
eve ee 


see ee 


* Revised by R. E. Wilson, Mount Wilson Observatory. 
26 Miczaika, G., Astron. Nachs., vol. 271, p. 265, 1940. 
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Spec 
dG 1 
dG 2 
dG 2 
dG 0 
арб 
dG 3 
аЕ 8 
4С 6 
а48 
dF4 
dG 0 
ғас 0 
sdA 4p 
dG 4 
dG 4 
ак 0 
546 5 
dF 1 


Par 
7005 
.008 
.040 
006 
.009 
.009 
.011 
.014 
.007 
.007 
.018 
.038 
.009 
.009 
.009 
‚023 
‚108 
‚008 
014 
‚262 
‚243 
.009 
.027 
„031 
019 
029 
011 
‚014 
.005 
.047 
033 
006 


030 


Rad vel 
km/sec 
--178 
—138 
4-295 
EET 
4-144 
+ 78 
+ 40 
— 44 
+ 338 
— 71 
— 325 
— 242 
— 164 
— 19 
— 98 
— 26 
— 98 
— 240 
+ 227 
+242 
+263 
— 60 
--179 
--191 
--234 
-- 52 
-- 32 
4 24 
+200 
— 30 
--170 
+ 23 
+ 6 


Арех 


Га 


1639 
190 
2/9 
286 
296 
246 
299 
178 
187 
264 
248 
294 
289 
288 
188 
102 
299 
ZI 
242 
243 
97 
197 
341 
307 
2/5 
256 
173 
162 
238 
229 
179 
161 
zu 


ba 

—29° 
+13 
Z 
—17 
—26 
— 6 
4-18 
о 

0 
+10 
RN 
—15 
—18 
| 
| 
—10 
E 
TET 
4-18 
кы: 
—66 
| 
E14 
4-12 
4-41 
=16 
== 


Ме} 


km/sec 


699 
546 
521 
488 
472 
433 
432 
388 
380 
358 
252 
345 
324 


766 TABLE 878.—S TARS WITH RADIAL VELOCITIES GREATER 
THAN 200 km/sec * 


Radial 
Proper velocities 
Star Mag Spec А (1950) р motion km/sec 

h m 
CD —29*2277 ..... 11.5 sdF 6 5 26.9 --29%56 "41 4-540 
Мег c. TRE 10.5v 46 16 28.5 +18 28 05 --390 
ЕП0І 209621522222: 8.8 A 22 02.1 4-20 48 .01 —381 
ДИ Рег сен са I lv A5 3 05.4 +53 00 05 --380 
С 145 00500. 6.9 44 17 44.6 --25 46 06 --362 
(ВРТОВЕ Ас 9.1 а48 4 11.6 --22 14 .54 +338 
Adee Her Geass sons 10.4v 45 15 59.0 +47 04 Jm --335 
ет. КАБУ 46 7 50.8 · +19 24 ae +330 
НП 755 ms 7.8 dF 5 1 06.5 +61 17 ‚62 —325 
AC +25°67928 ..... 10.6 sdF 0 20 22.6 +24 54 F —319 
ССВ... 9.9 sdG 9 15: 0/75 —16 13 3.69 +306 
ZOMG ООЗ... 11.5 sdG 1 16 26.8 +44 48 .74 --301 
Е о ои 8.5у М ге 15 18.5 --20 13 05 +294 
GC R0394 T vius 9.4 sdG 2 15 07.5 --16 08 3.68 +292 
Заг Е... 6.9v K 9e 10 07.8 --61 18 .12 --289 
BDIEES0*2611 9... 8.8 dG 2 15 04.8 4-30 13 .02 —279 
ZUEE 49] usu. 11.4 sdG 6 8 47.8 + 7 49 ‚67 +276 
ВРШЕ / 2 ...... 10.1 sdF 2 ] 42.9 +73 13 {25 — 266 
ЛИНО. 122 sdF 3 0 46.5 + 5 10 2.98 +263 
20% 1205 ......., 13.4 ғаМ 1 20. 07.1 +59 33 2.14 —260 
AC +64°4188 ...... 12.8 sdA 8 15 1747 +64 26 233 +252 
21881200 ....... 8.5 dF 5 20 23.8 + 9 18 „56 —247 
ЕО е 24 — essc 12:5 ам 0 21 26.7 +11 58 57 —247 
ПОЕ ess 71 dG 5 1 06.8 +54 28 05 --244 
СОО” 22222... 8,5 ак 2 5 09.7 --45 00 8.72 --242 
НО Я090 ......... 8.2 dF8 7 50.4 4-30 46 1.98 --240 
180 2348°........ 9.1 dF | 17 36.1 +18 35 1:38 --240 
В... 11.9v 42 18 41.8 4-32 45 .03 —240 
Ер О? н S ei eres 8.8 R3 0 51.6 +23 48 .14 —234 
BD —17?484 ....... 9.4 F1 2:29] --17 13 .43 4-233 
СОО... 8.2 dF 4 12 58.8 —27 06 55 +226 
WOOL и а 110 sdF 8 8253.2 --16 23 ‚60 —216 
ЩЩ О а не ке 82 546 2р 0 02.8 + 8 30 ‚26 --213 
Е 24000 _........ 9.4 а49 8 38.5 —16 09 63 204 
PROG ee T TIENE 6.7v M 0e 4 44.8 —49 20 .05 4-204 


* Prepared by R. E. Wilson, Mount Wilson Observatory. 
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TABLE 879.—SPECTROSCOPIC ECLIPSING BINARIES * 


Ap 
Star days bu 


Sp 1 Sp 2 
m 
V 444 Cyg 4.212 8.4 O 6 WN 6 
АО Cas ...... 3 523 5.8 O 8.5 O 8.5 
BEECYVE Улуу.» 2.996 7.0 09 09 
SZ баш 2.2. 2.698 7.0 B0 (B2) 
АН Сер ..... 15775 6.6 BO BO 
Ж Ог К... uae 5.703 2.4 В0 (82) 
М 478 Сур 2.881 8.9 DES В .5 
ММ Сер... 7430 6.6 В cM 2 
К Рир С...... 1.454 4.5 BI Бо 
М 470 Суг 1.873 8.7 Б? Be 
Nu asco c as 1.446 3.0 В 3 B6 
TT Aur ..... 1:333 8.1 B3 M 
EO А. 4.066 16 B3 (B 8) 
По 2.051 4.6 B3 B7 
(МУ Сер... 2.729 7.6 B3 B3 
AG Per ...... 2.029 6.5 B3 В 4 
SX Aur ...... 1.210 8.2 B35 B 3.5 
E MIL OC OS. 972.15 6.6 B6 cK 4 
В. 3.452 7.6 BS (A 2) 
UTOPIE 1.677 5.8 B5 BS 
М 599 Ар] ... 1.849 6.5 BS B8 
И: 2.455 7.0 B3 RE 
ONG lee oe. a. 1.950 5.0 B8 B8 
TX UMa 3.063 6.8 B8 сЕ 2 
Б Рес .....: 2.867 22 B8 (G) 
AR Aur ..... 4.135 5.8 B9 A0 
BIDDER e 12.908 3.4 cB 9 b 
[Spem us 3.381 6.4 B9 G2 
GO Сув... 718 8.3 В9 ae 
БАН 2222. 3.960 21 40 40 
OST s. 1.813 7.3 40 T 
RKA Her с... 1.779 7.1 40 40 
МЕ Сур ..... 1.677 8.5 А 0 (40) 
МЕ Сер... 3.378 9.1 42 (45) 
EX Her 2.060 8.3 42 42 
CM Баса. 1.605 8.3 42 48 
IX Mon ....- 5.905 8.7 43 G2 
RX Gem ..... 12.208 8.5 A4 KO 
WW Aur 2:525 57 А7 47 
БАШ 22...... 648 8.8 48 48 
Тапети raa 3.993 7.2 2 (F2) 
DS OM V e 4.798 8.0 F4 (8 
МЕ Нуа 2... 2.904 9.2 Е 5 РА 
Ма. 334 8.3 Е8 F8 
WZ Oph ws. 4.183 97 G0 GO 
UV Leo 6. 600 8.5 G0 G2 
ET And 22. .629 9.0 (70 К 1 
D BooNE. . г... .268 6.6 G 2 G2 
мии а. 4.630 88 462 gK 0 
Ar Lac ma... 1.983 2.3 G 5 К 0 
КЛ” Баста та 5.074 8.8 G9 K1 
АН Үш v. ‚408 9.7 KO Ко 
8.6 М 1 М 1 


YY Gem ..... ‚814 


* Prepared by Z. Kopal, Harvard College Observatory. 
200 References: a, Keeping, Publ. Dominion Astrophys. Obs., 
Journ., vol. 108, p. 28, 1948. c, Dugan, Princeton Contr., 
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— d он А 


> C200 


Radius 
К; Ro 
(in ©) (in ©) 
13 ЕЕ; 
16 10 
5.9 5.9 
127 5.6 
6.1 6.1 
17 10 
71 7.1 
13 1200 
6.1 5.5 
6.0 2 
5.2 5.7 
S. 3.4 
13 16 
4,4 4.4 
4.5 4.0 
27 2.0 
5.1 4.4 
15 200 
E 55 
31 3.0 
7.8 4.4 
4.6 4.3 
3:6 3.6 
2.1 3.4 
27 2.8 
1.8 1.8 
47 o1 
4.5 5.8 
2.0 ].4 
2.6 2.6 
2.4 2.5 
222 1.8 
32 3.6 
3 3 
].6 1.6 
1.3 1.7 
1.8 6.6 
2:2 5.5 
2.2 22 
1.4 1.1 
1.5 3.1 
1.6 5-3 
1.3 1.0 
8 .6 
59 2 
‚1 2 
8 E 
"à 6 
8 5 
8 0 
9 9 
43 ‚8 
6 ‚б 


vol. 7, үр 349, 1947. 
Хо. 12, 
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М 
(іп (9) Ref 2% 


— pee — = 2 һа — 


m=i pi KO 


Mass 
Mı 
(in ©) 
35 20 
31 29 
17.4 172 
36 10.3 
16.5 14.2 
26 10 
15.4 15:2 
33 47 
16.6 9.8 
D 11 
14.0 9.2 
6.7 55 
27 27 
6.8 5.4 
10.0 9.8 
5.0 4.4 
10.7 5.6 
10 22 
6.4 2.4 
53 4.6 
1 6.4 
2.4 
5.4 
.9 
6 
23 
5 43 
2.0 
1.3 
2.4 
1.0 
1.9 
2.6 
1.0 
1.8 
1.5 
1.5 
6 
9 
‚9 
53 
.7 
| 
.9 
59 
2 
0 
5 
5 
E 
9 
.6 
.9 


оф о олса Ф о Кол о Мм оо о со Мр Бб Мр Ох (9000009 


Ь, 


na nanos uyga gabano namo 99-я eu Eh а ао сю 


ААА = а А А Б 


ee — 


— (~ 
а — 


Os 4 
mi i a 


cer жа 
— қа ПА А 


Wood, Astrophys. 
, Kopal (unpublished). 
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Huffer and Eggen, Astrophys. Journ., vol. 106, 0: 313, 1947. f, Luyten-Struve-Morgan, Yerkes Publ., vol. 7, 
t. 4, 1939. g, McDonald, Publ. Dominion strophys. Obs., vol. 7, p. 135, 1949, h, Geodicke, Michigan 
ubl., vol. 8, No. 1. 1939. i, Popper, Astrophys. Journ., vol. 97, p. 394, 1943. j, Gaposchkin, Astron. 

Journ., vol. 53, p. 112, 1948. k, Stibbs, Monthly Notices, Roy. Astron. Soc. , vol. 108, nr 398, 1948. 1, Тоу 

and Sitterly, Astrophys. Journ., vol. 228777, 1921: m, Gaposchkin, Publ. Astron. Soc. Pacific, vol. 55; p. 
192, 1943. n, Baker, Lick Obs. Bull., vol. 12, p. 130, 1926. o, Eggen (private communication). р, 

Kopal, Astrophys. Journ., vol. 103, p. 310, 1946. 9, Shapley, Princeton Contr., No. 3, 1915. r, Huffer 

and Kopal, .\strophys. Journ. (in press). s, Gaposchkin, Harvard Bull., No. 917, 1943. t, Baker, Laws 

Bull., No. 2, p. 173, 1916. u, Wylie, Astrophys. Journ., vol. 56, p. 232, 1922. v, Huffer and Eggen, 

Astrophys. Journ., vol. 105, p. 217, 1947. w, Kopal, Astrophys. Journ., vol. 93, p. 92, 1941. x, Joy, 

Astrophys. Journ., vol. 71, p. 336, 1930. y, Pierce, Astron. Journ., vol. 48, p. 113, 1939. z, Piotrowski, 

Astrophys. Journ., vol. 108, р. 510, 1948; Smith, Astrophys. Journ., vol. 108, p. 504, 1948. al, McDiarmid, 

Princeton Contr., New Z, 1924. h 1, Wood, Astrophys. Journ., ‘vol. 110, p. 465, 1949, c 1, Fracastaro, 

Arcetri ШЕНІ vol. 1937. d 1, Sahade and Cesco, Astrophys. Journ., vol. 102, p. 128, 1945. 

e 1, Daker, Laws Ball m ‚ 1921. # 1, Wachmann, Astron. Journ., vol. 259, p. 527 1936. g l, Struve, 

Astrophys. Journ., vol. CA p. 255, 1947. h 1, Gaposchkin, Astrophys. Journ., vol. 104, p. 376, 1946. 
l, Joy, Astrophys. Journ., vol. 64, p. 293, 1926. ) 1, Sitterly, Princeton Contr., No. 11, 1930. ЕТ 

Wood, Princeton Contr., No. 212 1946. 11, Huffer, Astrophys. Journ., vol. 79, p. 369, 1934. m 1, Gaposch- 

kin, Harvard Bull., No. 907, 1938. n1, Gaposchkin, Astrophys. Journ., vol., 104, р. 370, 1946. pl, 

Eggen, Astrophys. Journ., vol. 108, p. 15, 1948. q l, Plant, Diss. Leiden, 1939. ; Fowler, Astrophys. 

Joa vol. 52, p. 261, 1920. s 1, Chang, .\strophys. Journ., vol. 107, p. 96, 1948. aL Kuiper, Astrophys, 
ourn., vol. 88, p. 456, 1938. 


TABLE 880.—SPECTROSCOPIC BINARY STARS * 


These binary systems were discovered and investigated by measuring the Doppler dis- 
placements of the spectrum lines. All except the widest systems are too close to each 
other to be observed as double stars through the telescope. The data given are from J. Isl 
Moore's "Fifth Catalogue of Spectroscopic Binaries." ?" In the table a designates the semi- 
major axis of the orbit in kilometers and refers to the center of gravity of the system; 
i is the inclination of the orbit plane to the plane of the sky; and sm designates the mass of 
each component. When both components of a binary system are bright enough to record 
their spectral lines, individual mass functions can be derived and these are shown in 
column 8. When only the spectrum of one star is visible a more complicated mass function 
is obtained involving the total mass of the system and the mass ratio. Several systems in 
the table are eclipsing stars and for them the inclination is nearly 90° Hence for them 
the quantity sin* i in columns 8 and 9 is nearly equal to 1. 





Period Eccen- Orbital asini m sinsi MÈ sin? 1 
Star Mag Class days tricity velocity 109 km то 51131 (ти + mo)? 
ен А... 5.6 F7 2.08 | 37 1.06 1E .01 
ПОСНА ВВ ......... 52 И 6.91 уг .7 „Ж E. № 
a Ursa Minoris ..... 25 107 296 уг .6 4 466 220 04 
СПРАВЕ ce 3.1 Е2 ОГ уг s 16 2014 ЖЕ... 3.34 
MIC AC 222... 4.9 K4+B 973 4 24 294 28 1.03 
a Aurigae .......... EEUU ED о do № n 
VV Orionis ab ..... 5.3 B2 1.49 .00 132 oy 36 
VY Orionis abe...:.. T: T 120 3 13 20.5 .02 
B Aurigae .......... 2] 40 40 00 109 5,9 221 
29 Canis Majoris .... 4.5 (27 4.39 .06 216 13.0 4.60 
a’ Geminorum...... 2.8 48 2,93 00 31.9 1.28 010 
a® Geminorum...... 2.0 AS 9.21 50 12.9 1.42 

BEP. c Gm sss К CENE VOTE uM. Fr A 
КО Can seneo 90 М! вт ШШ {р ҮШ, { T 
V Рирріз .......... ава іс ШІЛ А 
W Ursae Majoris ... 83 F8 s Nei o. 
MEE ee 12 82 Іш EN M 4 ү { 52 
а a во Sipe ЧЧ | { 2 1 ee { p 
ее. 70 09 С в { 1 


* Prepared by O. Struve, и of California, Berkeley. 
?9! [D ick Obs. Bull. No. 521, 1949. 
t System of Castor. 
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TABLE 881.—PROPERTIES AND CLASSIFICATION OF STAR CLUSTERS * 


Star clusters fall into two distinctly different types: 

Globular.—Typical, Messier 13; open, Messier 4; elongated, Messier 19. Have strong 
central condensations, rich in faint stars. Scattered widely in latitude, restricted in longi- 
tude. Many variables—nearly 1,300 in 62 clusters. Radial velocities > 100 km/sec. All 
more than 5,000, and one-third more than 50,000 light-years away. Very few new ones 
found—about 100 known. Very definitely part of galaxy. Although concentrated toward 
its plane, only 2 within 4° of it (obstruction by interstellar dust clouds). Diameters about 
35 parsecs. Many stars, tens and hundreds of thousands. Many giants and supergiants 
with maximum luminosity about —2.5. 

Galactic.—Very varied: rich, Mf 11; irregular, Mf 35; nebulous, Pleiades; accidental, 
M 103. Almost exclusively in Milky Way, all longitudes; apparently no variables. Radial 
velocities rarely > 40 km/sec, generally less. Almost all less than 4,000 light-years dis- 
tant. Almost exclusively in galactic region devoid of globulars. Tens and hundreds, 
rarely thousands of stars. Hyades type, yellow stars as dominant as A type. Pleiades 
type, almost all B’s and A’s, on Russell’s main sequence. 


* Prepared by H. Shapley, Harvard University. 


Part 1.—Globular star clusters 


This table contains those with galactic latitudes = 20°, for which space absorption can 
be evaluated and distance correctly estimated (also the giant cluster Omega Centauri in 
lower latitude). 


Galactic Apparent Distance 


Absolute No. of 
magni- (kilo- i i 


magni- vari- 


NGC RA (1900) Dec Long Lat tude parsecs) tude ables 

h m 
104 (47 Tuc) 0 19.6 —72°38 2729 —45° (45) 7.6 —10.2 8 
209) 2 10. E 0 47.8 —2/ 08 157 —88 8.96 14.5 — 6.8 2 
902 ee 0 58.9 --71 23 268 --47 8.0 10.0 -- 7.3 14 
ее... 3 9.5 --55 36 297 --51.5 9.5 22 -- 7.2 0 
ТӨБЕ а 5 10.8 --40 09 212 —34.5 7.72 14 — 8.1 3 
24199097 an. 7 31.4 +39 06 148 4-26 1155] 56.2 -- 7.7 36 
4147 жет 2... 12 5.0 +19 06 226 +79 11.01 20.0 -- 5.5 4 
4590 (М 68) ... 12 342 --26 12 269 +36 9.12 155 -- 6.8 28 
5024 (М 53) ... 13 8.0 +18 42 305 4-79 8.68 20.2 -- 7.8 42 
ео. 13910155 +18 13 310 +78 10.9 17.4 -- 5.3 10 
5139 (е Сеп) .. 13 20.8 --46 47 277 +15 (4.7:) 6.8 --10: 168 
ӘУЛИЕ 13376 --28 53 8 +78 7.21 122 — 82 186 
SAGO a e И 14 1.0 +29 00 8 +72.5 10.39 17.0 — 5.8 18 
5034 7 м 14 24.4 -- 5 32 310 +48.5 10.8 22 -- 6.7 7 
S602 a 14 33,8 --26 36 299 +29 10:37: 331 — 7.1: 0 
BOOT a. kites 15 —20 39 312 --29 9,61 13.8 -- 6.5 0 
(М5)... № 155 +. 2 27 292 +46 7.04 10.1 — 80 97 
ОСОБОВУ 16 38.1 4-36 39 27 4-40 6.78 g5 — 8. 15 
6218 (M 12) ... 16 42.0 — 1 46 344 +25 7.95 8.3 — 7.3 1 
02200. en 16 44.2 +47 42 40 +40 10.26 30 — 7. 21 
6254 (M 10) ... 16 519 -- 3 57 343 --22 7.64 8.3 -- 7.6 2 
6341 (М 92) ... 17 141 +43 15 36 +35 7:30 10.3 — 7.8 16 
бат 19 2.0 --60 48 303 —26.5 a 5.8 — 7/4; 1 
6809 (M 55) ... 19 337 --31 10 336 — 25 7.08 5.8 — 7.7 2 
0804 (М 25)... 20 2 —22 12 347 --2/ 9,50 42 — 89: 1 
я 20 29.3 + 7 04 20 --20 10.01 18 -- 7.0 51 
6981 (М 72) 20 48.0 —12 55 3 —34 10.24 16.6 -- 6.6 31 
ШОКЕ oils 20 56.8 +15 48 22 --21 11.45 44 — 7.3 20 
7078 (MIS) 21 252 +11 44 29 --28 7.35 11.5 — 8.3 66 
7089 (2)... 21 283 — ] 16 2] --36 7.30 13.8 -- 8.5 17 
[AOE а ти 29-533 --16 10 27 --04 12:33 25 -- 4.7 9 


22 Shapley, Proc. Nat. Acad. Sci., vol. 30, p. 63, 1944; Pop. Astron., vol. 57, 


мо 
+ 
© 
4. 
"о 
nj 
© 
ч 
з 
© 
a 


р. 
ber of variables see Sawyer, Helen B., Publ. David Dunlap Obs., vol. 1, p. 388, 1947. 
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TABLE 881.—PROPERTIES AND CLASSIFICATION OF STAR CLUSTERS 
(concluded) 


Part 2.—Galactic star clusters 


Columns 2 through 6 from Shapley.™ Distances from R. J. Trumpler, unpublished. 
Linear diameters computed on basis of revised distances. 1 kiloparsec = 31X10" km = 
3x10? light-years. 


Diameter 


Galactic m Distance 

---------- Ang Linear No. (kilo- 

NGC RA (1900) Dec Long Lat e pc stars parsecs) 

h m 

6058 i. RE ] 392 4-60? 44' 989 4° 11 5.8 80 1.8 
БОА S 2712 --56 41 102.5 — 3.1 36 15.7 A 1.5 
еМ 2 154 +56 39 103 — 3.1 36 15.7 7 1.5 
Pleiades ... 3 41 +23 48 134.5 —22.3 m ae rene 15 
Hyades .... 4 14 4-15 23 147 --22.6 im s E. .04 
10007 ЕКЕНІ мо 143 2824 — 7-2 60 10 
2099 ....... 5 45.8 --32 31 145 + 4.5 20 5.8 150 1.0 
ZOS о: 8 34.3 --20 20 1735 --34.0 т we = 15 
Mel [2 20 2-26 40 200 +85.4 M т не 07 
0/2058... 18 457 -- 6 23 255 — 42 10 3.8 200 1.30 
7054 УНИ. 23 19.8 +61 03 80.5 ы 12 4.9 120 1.40 


793 Star clusters, p. 228, McGraw-Hill, 1930. 


TABLE 882.—OUR GALAXY, ITS CENTER AND ROTATION * 


The center of the galaxy apparently lies among the dense Milky Way clouds in Sagittarius, at 
a distance of about 9,000 to 10,000 parsecs from the sun. About this center the sun revolves with 
a period of some 200 million years at an orbital speed of nearly 300 km/sec. The amount of 
matter within the sun’s orbit 1s probably more than 200 billion times the sun’s mass. In the 
table, A is the differential orbital radial velocity per kiloparsec of distance from the sun, rA is 
the maximum group velocity for a distance r, and lo is the longitude of the galactic center. The 
sun is about 33 parsecs above the galactic plane.” 


Dist 
Vis Max to 
mag Distance rA A center 
Stars No. limit kpe km/sec kmsec-!kpc-! ly Крс Source 295 
ОМ... 210 8.0 .2— 11 35 19.0 324 6.3 а 
О-В SS. 849 7.5 .2— 1.4 222 15.0 324.4 10.0 b 
Interstellar а .. 261 8.6 A— 1.2 13.5 16.6 22127 с 
В-К ЗТ 3786 A 855 E 15.0 324 6. 5 d 
PGC and 19569 00 4255 к Tm E 15.0 DUE 8.8 е 
К 392 1 zZ У: 17.0 17 f 
Plan Ме к 110 T .5— 12.0 264 14.0 333.0 9. 4 g 
Cepheids ан a ae 156 14.1 4-- 2.3 39.4 20.9 325.3 10.0 h 
ОВ, СЕРВ, с баз. 277 m 7-100 39.6 1727 326.0 9.4 i 
а. 205 8.4 2-- 1.3 26.6 — 324.4 X ) 
С-В... 987 6.4 .3— 1.1 18.8 S CUM k 
[ттер баг es 116 Si 5 9.5 aes 2207 1 

* Prepared by A. H. Joy, Mount Wilson Observatory. 

?9* Gerasimic, Luyten, Proc. Nat. Acad. Sci., vol. 13, p. 180, 1927. 

254, Oort, Bull. Astron. Inst. Ме ай, vol. 3 р. ӨШ 1927: b, Plaskett, Pearce, Publ. Dominion 
Astrophys. Obs.. vol. 5, p. 241, 1936. Plaskett, Pearce, Publ. Dominion Astrophys. Obs., vol. 5, p. 167, 
1933. а, Lindblad, Monthly Notices, | Astron. Soc., vol. 90, p. 503, 1930. e, Wilson, R., Astron. 
Tourn., vol. 40, p. 121, 1930, fo Redman, Publ. Dominion Astrophys. Obs., vol. 6, p. 27, 1931. g, Berman, 
Lick Obs. Bull, vol. 18, p. 57, 1937. h, Jov, Astrophys. Journ., vol. 89, p. 356, 1939. i, Wilson, 
Astrophys. Journ., vol. 93, p. 212, 1941. k, Wilson, Astrophys. Journ., vol. 94, p. 12, 1941. l, Wilson, 


Astrophys. Journ., vol. 96, p. 371, 1942. 
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The maximum component (v sin i) along the line of sight of the equatorial velocity v 
of rotation is found from the distortion of an absorption line produced by differential 
Doppler effect across the observed hemisphere. For stars in the following groups, v > 
50 km/sec very rarely, and v << 50 km/sec usually: supergiants, giants; main-sequence 
stars later than /° 5 and not close spectroscopic binaries. For main-sequence stars of early 
type, and not spectroscopic binaries or cluster members, the distribution function f (v) is 
found to be well represented by the formula 


f (v) 2 G/V v) Cexp L—7 (v — u)'] + exp [~j (v 4- 0)*1 J, 
where the parameters 7^', тл, and v have the following values: 


Spectral type 


а 

Ве О-В A Ғ 0-Е 2 
yj’ (km/sec) 70 63 107 90 
vi (km/sec) 350 95 107 0 
v (km/sec) 348 94 112 51 


In an idealized Roche model, rotational instability sets in at v = 560 km/sec. The Be 
stars are surmised to be rotationally unstable B's; Number of B 8's per B 8e — 123; num- 
ber of (B 0-B 5)'s рег (В 0е-В 5e) — 15. In the Pleiades and in Jt and x Persei, v for B's 
15 ~ 2 X v for noncluster B’s. For 13 Pleiades earlier than B 9, number of B's per Be — 
3. In many close spectroscopic binaries of both late and early types, the components rotate 
with the orbital period. In some eclipsing systems, the sense of rotation is found from the 
Doppler shift of an absorption line at partial phrase. The sense is always that of the 
orbital motion. For the sun, v — 2.1 km/sec. 


* Prepared by A. J. Deutsch, Harvard University. 


TABLE 884.—TRANSMISSION OF LIGHT THROUGH SPACE * 


The obscuring matter in space is too irregularly distributed to be described by a mean 
extinction coefficient for the galaxy. For bright Milky Way regions a minimum value of 
0.2 m/kpe has been found.” 

Photoelectric measurements by Stebbins and Whitford ™ indicate that the wavelength 
dependence of the interstellar extinction is essentially the same throughout the galaxy. 
Their results are given with the table. See references to Oort ” and Strohmeier ™” for 
possibility of variations in bright and obscured regions. 





А (А) Lut) Brno) Х (А) (и!) m (mag) 
3200 3312 1.201 5700 1.75 ‚64 
3550 2.83 1.18 7190 1.39 .35 
4220 2057 1.00 10300 ‚97 „00 
4880 2.05 ‚81 21000 48 1251 





An unknown constant must be added to these values to give the actual extinction. The 
scale has been adjusted arbitrarily to give 1 mag differential extinction between » 4200 
and 10,300. 

A value of 4 for the ratio of total photographic absorption to international color excess 
[6 = Ало (Лало = 4u»)] is obtained by extrapolation of the above table #0 1/X— 
Most observational determinations are between 3 and 5.*” 

Light from distant stars shows polarization up to 5 percent, approximately proportional 
to reddening. Plane of polarization variable but generally perpendicular to galactic plane.™ 


* Prepared by B. Donn, Harvard University. t Preliminary values, currently under investigation 
by Whitford. 

26 Stebbins, Huffer, and Whitford, Astrophys. Journ., vol. 96, p. 209, 1939; Bok, Pop. Astron., vol. 
52. р. 261, 1944. 

297 Stebbins and Whitford, Astrophys. Journ., vol. 98, p. 323, 1943; Whitford, Astrophys. Journ., 
vol. 107, p. 102, 1948. 

298 Oort, Ann. d'Astrophys., vol. 1, p. 91, 1938. 

29 Strohmeier, Zeitschr. Astrophys., vol. 17, p. 83, 1939. 

300 Greenstein, Astrophys. Journ., vol. 87, p. 151, 1938; Oort, Bull. Astron, Inst. Netherlands, vol. 8, 
p. 308, 1938; Stebbins, Astrophys. Journ., vol. 90, p. 209, 1939; van Rhijn, Groningen Publ. 51, 1946; 
Weaver, Astrophys. Journ., vol. 110, p. 190. 1949. 

А $9! Hall, Science, vol. 109, p. 166, 1949; Hiltner, Science. vol. 109, p. 165, 1949, Astrophys. Journ., 

949. 
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TABLE 885.—SOME DATA ON THE EARTH AND ITS SURFACE 
Part 1.—Dimensions 


The earth is a great oblate spheroid with the oceans making up about 71 percent of the 
area. The dimensions of the earth are as follows: 


Equatorarerd@ius 2.2... ct 6378.388 km 
Бојаг таси УИН 6356.912 Кт 
Area of surlace =... 510,100,934 km? 
Меј текло реја... мани: 1,083,319,780,000 km? 
The suríace consists of: 
Oceans and $еа$......... М... 351.059» 10* km"? or 70.8 percent 
Шао ЗИРЕ ТОРИ. 148.892 10° кт? ог 29.2 percent 


The land surface is of various elevations above sea level, the mean being about 840 m, 
while the average depth of the three great oceans and adjacent seas is about 3800 m (Table 
886). The highest elevation and the lowest elevation in each continent are given in Part 2. 


Part 2.—Area and elevation of continents 


Area Highest Height Lowest Depth 

109 km? mountain m point m 
ЖЕ E 29 8 Kibo 5970 Libian Desert 133 
North America .... 21.5 McKinley 6150 Death Valley 85 
South America .... 17.6 Aconcagua 6960 Sea level ED 
Aca ОҒ... 44.0 Everest 8880 Dead Sea 302 
Еее = 9.7 Elbrus 5640 Caspian Sea 28 
Australia 7. 24 Korciusko 2230 Lake Eyre 12 


TABLE 886.—SEA-WAVE HEIGHT IN FEET FOR VARIOUS WIND VELOCITIES 
AND DURATIONS 


Wind Wind velocity in knots 

duration 

in hours 10 20 30 40 50 60 
6 2 5 10 14 20 25 
12 2 7 13 20 30 35 
24 2 9 17 30 40 55 
48 2 10 22 35 45 70 


Waves consistently higher than the values given are not found because stronger winds 
blow the tops of the waves off. Isolated waves up to 80 feet are due to the addition of two 
or more crests. 

One of the longest swell periods recorded was 23 seconds. According to the relations 
given, its length in deep water would equal 2,650 feet, and its velocity 69 knots. A 28-second 
swell has been recorded near Cape of Good Hope. Its length must have been almost 
three-quarters of a mile and its speed 84 knots, 


TABLE 887.—APPROXIMATE HEIGHT OF SWELL IN FEET AT VARIOUS 
DISTANCES FROM THE STORM AREA 


Distance from storm area in nautical miles 


M —— — MÀ MX 

0 500 1000 2000 3000 
40 25 20 12 8 
30 19 14 8 5 
20 12 8 5 3 
15 8 5 3 2 
10 5 К; 2 1 

5 2 1 0 — 


* Tables 888 to 894, and 897 prepared by R. H. Fleming, U. S. Hydrographic Office. 
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TABLE 888.—AREA, VOLUME, AND MEAN DEPTH OF OCEANS AND SEAS“ 


Mean 
Area Volume depth 
Body 109 km? 109 km3 m 

ас ее. 82,441 323.613 3,926 
Pacific Ocean excluding adjacent seas........ 165.246 707.555 4,282 
шап“ Осе a) Bees acs sees ss acs 22 73.443 291.030 3,963 
All oceans (excluding adjacent seas).............. 321-130 1,322.198 4,117 
Acti Miediterraneangi. . а ere oe me co ee 14.090 16.980 1,205 
American Mediterranean ................. ..... 4.319 9.573 2,216 
Mediterranean Sea and Black Sea................ 2.966 4.238 1,429 
Asiatic Mediterranear ео. IN 8.143 9.873 15212 
Large Mediterranean $еа$ ...................... 29.518 40.664 1.378 
Ва а... Пе. .422 (028 99 
PEG SOs Бау КШ ТЕО ан 1.232 ‚158 128 
Pedis ea на о ee 438 215 491 
о... ое 1230 .006 25 
Small Mediterranean зед5 он... . ои сна... о. 2531 402 177 
AH M editenranean а eese nanen eee naaien 31.849 41.066 1,289 
а ее a e e .575 .054 94 
Ре И errs. ccs steal cance esos «ees ves ‚075 ‚004 54 
КЕЕ СаО E eva .103 .006 60 
Е ЕЕ ам Еее не .238 .030 127 
НЫ. ев: .798 ‚694 870 
Бенпресе О his led a wos ak Bas 2.268 3.259 1,437 
ПОЕН ee О ыл ee vie ds 1.528 1.279 838 
JODIE CO pee Ма а ds 1.008 1.361 1,350 
Easra а ео ее оаа an 1.249 2245 188 
имен салла а al 162 2122 813 
Баз” Ur alin ere ee ee ene oes Sas av bee wire 075 ‚005 70 
Мате сеа а ees НИК 8.079 7.059 874 
а ја сепса ве ТЕЕ сесилне 39.928 48.125 1,205 
PMELATICIGROCeAll а. 106.463 354.679 3,332 
Pacific Ocean including adjacent seas......... 179.679 723.699 4,028 
DiC atime) CO AMM ео. 74.917 291.945 3,897 
All oceans (including adjacent seas)..... ......... 361.059 1370.323 3,795 


Mean elevation of land = 840 т 
Mean depth of oceans = 3,800 m 
Mean sphere depth = 2,440 m 


Continental shelves extend out with small gradients to depths of about 100 to 150 т. 
Average width about 30 miles but varies from zero to several hundred. Continental slopes 
have about 2° to 3° inclination. Volcanic islands, fault scarps, etc., may have slopes as 
steep as similar features on land. 


Greatest depths known are in the Pacific Ocean— 10,800 m 
Deepest sounding in the Atlantic Ocean is 9.200 m 
Deepest sounding in the Indian Ocean is 7,450 m 


Greatest depths occur in troughs or trenches paralleling mountainous coasts and insular 
arcs. These areas are centers of seismic and volcanic activity. 

Topography of the ocean floor is in general similar to major features found on land. 
Submerged features such as the Mid-Atlantic Ridge are comparable in size and extent 
to the combined Rockies and Andes Mountains. In the Pacific are hundreds of 1solated 
guyots, flat-topped seamounts rising thousands of feet from the ocean bed with minimum 
depths of 1,000-2,000 m. Many isolated seamounts rise more than 3,000 т from the sea 
floor. Continental and insular shelves and slopes are not regular but generally show topo- 
graphic relief such as shoals, terraces, canyons and valleys. Certain areas such as the 
Mediterranean, Black Sea, Sea of Japan, Red Sea, etc., are isolated at depth by ridges 
separating the deep water from the adjacent sea or ocean. 


$02 Reprinted by permission of the publishers from The oceans; their physics, chemistry, and general 
И by H. U. Sverdrup, Martin W. Johnson, and Richard H. Fleming. Copyright 1942 by Prentice- 
2 nc. 
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TABLE 889.—PERCENTAGE AREA OF DEPTH ZONES IN THE OCEANS* 


Depth Including adjacent seas Excluding adjacent seas 

interval т-------- Б АП $ АП 
т Atlantic Pacific Indian oceans Atlantic Pacific Indian oceans 

0- 200 15:3 57 4.2 7.6 5.6 ІІ? 3:2 3.1 
200-1000 7.1 31 B 4.3 4.0 D 2.7 2.8 
1000-2000 53 3.9 3.4 4.2 3.6 3.4 3.1 3.4 
2000-3000 8.8 5.2 7.4 6.8 7.6 5.0 7.4 GZ 
3000-4000 18.5 18.5 24.0 19.6 19.4 19,1 24.4 20.4 
4000-5000 25.8 35.2 38.1 33.0 32.4 377 38.9 36.6 
5000-6000 20.6 26.6 19.4 23.3 26.6 28.8 19.9 26.2 
6000-7000 .6 1.6 4 1.1 8 1.8 4 12 
> 7000 52 2 : | do 9 a 


* For reference, see footnote 302, p. 773. 


TABLE 890.—PHYSICAL PROPERTIES OF SEA WATER (Fig. 34) 


Temperatures in the sea range from —2° to 30°C. The lower limit is set by the for- 
mation of ice and the higher limit by the balance between incoming radiation, back radia- 
tion, and evaporation. 

Pressures in the sea vary from zero at the sea surface to about 1,000 atm in the greatest 
depths (10,000 m). Standard unit is the bar = 10° dynes/cm’?. Approximately 10 ж о! 
sea water — ] atm. 

Concentration of the dissolved constituents varies from nearly zero in river mouths to 
40°/oo (parts per thousand) in isolated seas in arid regions. In most ocean waters the 
total solids are between 33 and 37°/oo. In addition, sea water contains dissolved gases, 
dissolved organic matter, and variable amounts of particulate material of biological or 
terrigenous origin. 

Salinity is defined as the total amount of solid material in grams in one kg of sea 
water when all carbonates are converted to oxides, the bromine and iodine replaced by 
chlorine, and all organic matter completely oxidized. 

Chlorinity, determined by titration with AgNOs, is essentially equal to the amount of 
chlorine in grams in one kg of sea water when all the bromine and iodine have been 
replaced by chlorine. 

Salinity = 0.03 + 1.805 < Chlorinity (°/oo) 


Distribution of temperature and salinity is most variable in the surface layers. 
Low temperatures occur in high latitudes with relatively low salinities. In the Tropics 
surface temperatures and salinities are high. The great ocean basins are filled with high- 
density water produced in high latitudes during the winter when ice forms or when water 
of high salinity is cooled. Deep temperatures are therefore generally between 0° and 2°C. 
Convection and wind mixing produce a surface layer in which uniform conditions prevail. 
This may be as thick as several hundred meters. Immediately beneath this there is a 
rapid change in temperature called the thermocline. Diurnal variations of temperature 
at the surface rarely exceed 1°C. Annual variations of surface temperature are greatest 
in midlatitudes (about 10°C). Annual variations diminish with depth and rarely extend 
below 200 m. 

Density of sea water is a function of salinity as well as temperature and pressure. The 
range in values is from 1.00 to about 1.04 g/cm*. Most of the other properties are functions 
of temperature, salinity, and pressure. The difference from the values for pure water 
depends then on the effects of the dissolved organic compounds. Light absorption and 
color will also be primarily determined by suspended or dissolved debris. Processes of 
heat conduction, diffusion, and transfer of momentum are dominated by turbulent water 
movements and consequently the laboratory coefficients of conductivity, diffusion, and 
viscosity have to be replaced by ' eddy" coefficients of vastly greater magnitude. 

Absorption of light.—Water is essentially opaque to electromagnetic radiation except 
in the visible spectrum. Below several hundred meters, even in the clearest water, all the 
solar radiation is absorbed. (See Tabie 891 and fig. 35.) In coastal waters that contain 
suspended debris, the radiation may be absorbed in only a few meters. The rapid absorp- 
tion of radiation limits photosynthesis to the surface layers. 

Evaporation.—The principal source of heat is radiation from sun and sky. The chief 
heat losses are due to long-wave radiation to space and evaporation. Evaporation is 
greatest when the air is dry and colder than the water. Regional variations are generally 
between 50 and 150 cm/year. 
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Fic. 34.— Osomotic pressure, vapor pressure, of sea water, relative to that of pure 
water, freezing point, and temperature of maximum density as functions of chlorinity 


and salinity. 


TABLE 891.—PERCENTAGE OF RADIATION OF GIVEN WAVELENGTH 


TRANSMITTED BY 1 M OF WATER* 





Type of water .46 
о о 98.5 
| highest .......... 96.4 
Oceanic water4 highest .......... 91.8 
аметасе 2477. 85.1 

AV CAC а 80.0 

Coastal water 4 lowest .......... 69.7 
lowest арт 60.0 


* For reference, see footnote 302, p. 773. 
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.48 
98.5 
d 
92:7 
85.7 
79.4 


71.6 
63.5 


Wavelength (4) 


2515 
98.2 


96.6 
92,5 
86.7 


92.6 
75.9 
07.1 


55 
уо 


96.3 
210 
86.9 


84.5 
76.4 
70.6 


‚565 
96.8 


92.9 
89.8 
84.5 


.60 
88.3 
81.8 
71.6 
68.7 


64.6 
61.4 


EXTINCTION COEFFICIENT PER METER 





Wavelengths in microns. 


Fic. 35.—Extinction coefficients of radiation of different wavelengths in pure water and 
in different types of sea water. 


TABLE 892.——COMPOSITION OF SEA WATER * 


The major ions present (over 99.9 percent of dissolved solids) are given in the table 
tor CI = 1900 “Хо. 


Ion 9/оо Cl-ratio Equiv/kg Ton 9/oo Cl-ratio Equiv/kg 


СВЕ en 18.9799 .99894 15252 Na 10.5561 19990 .4590 

SOM S 2.6486 21305 0551 МЕСЕ 1.2720 .06695 .1046 

НОВА 20220 00735 0023 Са A .4001 .02106 .0200 

Brees: ot .0646 .00340 .0008 e .3800 .02000 .0097 

bue еј .0013 .00007 .0001 Spot dS .0133 .00070 .0003 

Н.ВО. ....  .0260 ‚00137 me о 
---- „5936 
„5936 


Salnity— 94325 °/м. Total solids = 34.48 °/oo. 


The Cl-ratios are constants for oceanic waters except for HCO;~ and Ca** which are 
affected by biological activity. Ratios are not valid in areas of river dilution. 


* For reference, see footnote 302, p. 773. 


TABLE 893.—GEOCHEMISTRY OF THE OCEANS 
The oceans contain about 5 X. 10'* metric tons of dissolved solids. The amount in tons 


of any element can be estimated by multiplying the values in Table 894 by 1.42 X 10". 
Rivers each year add about 2.7 & 10° metric tons. 
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TABLE 894.—-ELEMENTS PRESENT IN SOLUTION IN SEA WATER * 


Elements present in solution in sea water in terms of CI — 19 ?^/,e are listed in order 
of abundance in the table. Adding the dissolved gases H}, Na, O, He, and A, a total of 
some 49 elements are known to occur. 

Ranges are indicated for Si, N, P, As, Fe, Mn, and Cu. The distribution of these ele- 
ments, present in small quantities, is affected by biological activity. Lower values are 
usually near surface. 

All atmospheric gases are found in the sea. Their solubility decreases with increasing 
temperature and salinity. At 0°C, Cl= 19 °/oo, surface water contains 8.08 m //] of O; 
and 14.40 ml/l of Nz At 20°C corresponding values are 5.38 and 9.65. Distribution of 
dissolved N: is determined by temperatures and salinity. Oxygen at middepths is reduced, 
but only in the waters of isolated basins such as the Black Sea is there stagnation and 
HS present. Plant activity near the surface may increase Oz above saturation values. 
Carbon dioxide is present in large quantities (about 50 m/l) chiefly as HCO; and COs -~ 
balanced against basic cations. Strong acid must be added to drive off all CO.. The pH 
in the sea varies between 7.4 and 8.4 depending upon the O; == CO: changes due to respira- 
tion or phétosynthesis. 

(Dissolved gases not included) 


mg/kg mg/kg 

Element CL "19. 00 9/oo Element СІ = 19.00 °/оо 
О аа 18980 Copper С 277 .001—.01 
ЕИ ее ао 10561 о. 005 
Мавневу те село не на че ње 1277 еаа ес сос ОНИ .004 
о 884 Selenium euesan ree .004 
Calcium ост 400 Cesium ИСИ .002 
Botassium ро оваа: 380 Wranum ама ни а 0015 
Dromitne 486 6 сымы 65 Molybdenum a .0005 
Car DOn в. 28 Л огаш д о КОО ee 0005 
О S n re een 13 Cerium г TD T: 0004 
Бок 222 1... 4.6 ей ‚0003 
ао оуу a .02 —4.0 Vanadium, 27 „0003 
 чогїпе Жш ы 1.4 Бапан ce see .0003 
Nitrogen е ои 01-- 7 Е ушт 0003 
Aluminum ees ee cs oes eae eee 5 . IN che liye re тил .0001 
Rubidium ы 2 сапа ой .00004 
ИІНІНЕ... 1 Mercury за ы ш T ‚00003 
О о М serrr eaen 001- .10 Соб. CEDERE „000006 
ПР сег 05 Кай е ee 23x10 
ен. 05 Cidmium ЕЕ traces 
АЕС ОЕТ ur ues 02 Chromium ы ee traces 
I eR а ы .002— .02 Сора а ааа И traces 
Manganese ................ 001- .01 "Біз, р С. traces 





* For reference, see footnote 302, p. 773. 
t Computed. 


TABLE 895.—WAVE VELOCITY IN VERY SHALLOW WATER 


~ eee 


Depth Speed 
of water of wave 
feet knots 
15 13 
10 11 
5 8 


TABLE 896.—VELOCITY OF EARTHQUAKE WAVES WITH 
DEPTH OF WATER 


ерее oe toe EE v 500 1,000 2,000 5,000 10,000 15,000 
М е|бе ШКО ба... 70 100 150 240 340 420 





If a large swell or an earthquake wave approaches a shoreline great damage may be done 
before the energy of the moving water is absorbed 
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778 TABLE 897.—OCEAN CURRENTS 


The permanent currents of the ocean are maintained by differential heat and cooling 
and by the indirect effects of the wind. They may extend to depths as great as 1,000 m 
and their speed is usually less than 50 cm/sec. In the Gulf Stream and Kuroshio, speeds 
may exceed 250 cm/sec. Volume transparents of the large current systems exceed 50 
million tons/sec. 

Wind-driven currents induced by the drag of the wind are generally shallow, less than 
100 т, flow with speeds about 2 percent of wind, and deviate about 30? from the wind 
direction, to the right in the Northern Hemisphere and to the left in the Southern 
Hemisphere. 

Tidal currents follow elliptical orbits during each tidal cycle. Motion probably extends 
to the bottom. In restricted coastal channels the currents are reversing and sometimes 
exceed 250 cm/sec. 


WAVES AT SEA * 


Whenever the wind blows over the water, the surface is formed into waves which grow 
under the influence of the wind and form a most irregular surface known as a sea. Such 
waves traveling out from a storm area are called swells. As waves break near the shore 
surfs are formed. 

Waves may also be formed by earthquakes, fault movements, submarine landslides, or 
volcanic eruptions beneath the sea. 

The height of a wave, H, is the vertical distance from crest to trough. The length, L, 
is the horizontal distance between adjacent crests. The wave period, P, is the time interval 
between passage of successive crests at a fixed point. The velocity, V, of a wave is the 
speed with which the wave travels along the sea surface. 

The following relations hold for depths greater than one-quarter wavelength with good 


approximation: 
oP? | == 


where the wavelength, Г, is in feet, the period, P, in seconds, and the velocity, V, in knots. 
The waves move along the surface of the water but the water, on the other hand, advances 
very little—about one percent only of the wave velocity. 

The height of the sea is determined by three factors: 


Wind velocity, average speed of wind over fetch. 
Fetch, distance over wind blows. 
Wind duration, how long the wind blows. 


Tables 886 and 898 show the wave heights for some conditions. 


* Abstracted from an article prepared for the Encyclopedia Britannica, by Walter Munk, Scripps 
Institute of Occanography. Used by permission. 


TABLE 898.—WAVE HEIGHT IN FEET FOR VARIOUS WIND VELOCITIES 
AND FETCHES 


Ketch in Wind velocity in knots 

nautical 

miles 10 20 30 40 50 60 
10 2 3 5 4 9 10 
20 2 4 7 9 12 14 
50 2 6 10 14 18 22 
100 2 Т 13 17 25 30 
500 2 10 20 31 45 55 

1000 2 10 21 35 50 70 





(See also Tables 886, 887, and 8905.) 
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TABLE 899.—TIDES, SEA LEVEL, LEVEL МЕТ 779 
(Nat. Res. Council Bull. 78, 1931.) 


Spring tides.—When moon (new or full) is in line with sun (large tide). 

Neap tide.—When moon is in quadrature with sun (small tide). 

Generally two high and two low each day. Variation in heights of two high and two 
low = “diurnal inequality.” 

River-type tide, steep short-period graph for flood, more inclined and longer for ebb. 
Extreme case — "bore," tide rises so rapidly it assumes form of wall several feet high. 
Most famous bores, Tsientang Kiang, China; Turnagain Arm, Alaska; Severn and the 
Wye, England; Seine in France; Hoogly, India; Petitcodiac, Canada. 

Mean sea level (geodetic).—The equipotential surface which the oceans woud as- 
sume if undisturbed by the tides and effects of wind and weather. Starting with mean sea 
level at any given initial point the geodesist can determine by precise spirit leveling, the 
equipotential surface. 

Mean sea level (geographic).—Determined by averaging actual tidal heights over a 
sufficient period. It is a local or geographic value. It is much disturbed by prevalent winds 
and local contours. Note difference between average of hourly readings (mean sea level) 
and half-tide point (because of the shape of the tide height as related to time). On Atlantic 
coast 4 tide level lies below mcan by about 1/10 ft: on Pacific above by 1/20 ft. Mean 
tide near rivers varies with rainfall. Nineteen years’ observation used for full tide cycle. 
A fundamental level net has been connected with mean sea level at Portland, Me., via 
Boston, Mass., Ft. Hamilton, N. Y., Sandy Hook and Atlantic City, N. J., Old Point Com- 
fort and Norfolk, Va., Brunswick, Ga., Fernandina, St. Augustine, and Cedar Keys, Fla., 
Biloxi, Miss., Galveston, Tex., San Diego, San Pedro, San Francisco, Calif., Ft. Stevens, 
Oreg., and Seattle, Wash. The accuracy of high precision leveling is measured by the 
correction necessary to close circuits, about 0.00063 foot/mile. Mean sea level difference 
indicated by special adjustment of leveling network in 1929: Portland, Maine, 9 cm 
higher than Ft. Hamilton; Vancouver, 2 cm higher than Seattle; Galveston, 27 cm higher 
than St. Augustine; San Diego, 33 cm higher than Galveston; Fort Stevens, 26 cm higher 
than San Diego; Isthmus of Panama, Pacific coast, 20 cm higher than Atlantic; Death 
Valley, 280 ft (84.1) below sea level; Mount Whitney, 14,495 ft (4418.1 à) above. 
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TABLE 900.—THE EARTH'S ROTATION: ITS VARIATION * 


From observations, Spencer Jones (Monthly Notices, Roy. Astron. Soc., vol. 99, p. 541, 
1939) deduces as the best value of the apparent solar acceleration 2.5"/(century)?. Lunar 
theory predicts 12.0”/(century)’ leaving part attributable to tidal friction 10”/(century)?. 

Estimates of tidal friction losses (Jeffreys, Philos. Trans., A, vol. 221, p. 239, 1920) : 


Irish эеа....., .6x101!5 erg/sec So. China Sea.. —X 1018 erg/sec Hudson Str. ... .2X10!5 erg/sec 
Eng. Channel .. 1.15 “ Okhotsk Sea ... 4 “ “ Hudson Bay ... — “ “ 
North Sea ..... I s Bering Sea ....15.0 “ “" Fox Strait ..... 1.4 5" 
Yellow Sea 2... 11 AN Malaccan Str 2. I.) 7” Bay Fundy ... 94a eee. 


Other contributions are small. Total for spring tides 22 & 10” erg/sec. 1.1 & 10” erg/sec 
average, corresponding to about 7” secular acceleration per century per century. If Q 
is earth's angular velocity of rotation, dQ/dt = — 2.5 X 10°”/sec?. 0 = 7.3 Х 107 га4. /зес. 
Q changes by 10° of its amount in 3 X 10°? sec or 10° years. The day should have 
lengthened by | sec in 120,000 years. 

The fluctuations in the earth’s rate of rotation indicated by astronomical evidence are 
of a quite greater order of magnitude. Moreover the changes vary in sign whereas fric- 
tional effects should not. The observations come from deviations of the sun and moon 
from their gravitational orbits, the transits of Mercury, and eclipses of Jupiter’s satellites. 
Changes in the speed of rotation of the earth rotation seem the only explanation. This 
may be due to shifts of matter within or on the earth. The following figure by Brown 
indicates that in 1928 the earth was about 25 sec ahead of its average rotational motion 
during the last three centuries. The greatest apparent change in the loss or gain of one 
sec in a whole year. (1 part in 30,000,000.) 





Fig. 36.—Irregularities in the earth’s rotation derived from the 
moon’s motions. 


Tidal friction should make the earth rotate more slowly and the moon recede from the 
earth. The rate of dissipation of energy by friction is about 1.4 X 10'* erg/sec. The earth's 
rotation from this cause should have slowed by 4 hours during geologic time. The moon 
should continue to recede until its period of revolution and that of the earth's rotation are 
equal to 47 of our present days. The moon should then gradually approach the earth, 
ultimately coming within Roche's limit (about twice the earth's radius) breaking up 
possibly into a ring like Saturn's. 


303 Jeffreys, The earth, Macmillan, 1929; Innes, Changes in the length of the day, Scientia, vol. 42, 
p. 69, 1927; Brown, Nature, vol. 119, p. 200, 1927; Jo'rn. Roy. Astron. Soc. Canada, vol. 24, p. 177, 
1930. Revised by G. M. Clemence, U. S. Naval Observatory. 
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Abampere, 10, 20 
Abbreviations: common units of measurc- 
ment, 56 
constellations, 743 
Abcoulomb, 10, 20 
Aberration constant, 729 
Abfarad, 20 
Abhenry, 20 
Absolute units (see under name of unit), 20 
Absorption (see also Transmission) : 
for air (atmosphere), 538, 546 
components, 538 
moist, 546 
for crystals, 517, 545 
for filters, 535-537 
for gases, long wavelengths, 552 
for glass, 512 
red pyranometer, 537 
various, 512 
for mass: ‘y-rays, 687 
X-rays, 694 
for materials for blackening receivers, 548 
for radiant energy, 517, 535-546 
for screens, color, 535 
for various materials, 535 
for water, 536 
of gases by liquids, 360 
of vapors by liquids, 360 
of various radiations: alpha rays, 672, 684 
beta rays, 672, 690 
cathode rays, 672, 690 
gamma rays, 672, 687 
radiant energy, 549 
X-rays, 693, 694, 701 
critical, 701 
Abundance (see Elements, chemical): ele- 
ments, 625-629 
isotopes, 655 
Abvolt, 12, 20 
Acceleration: angular, 4 
gravity (see Gravitation), 714 
linear, 6 
Acoustics (see also Sound), 309 
architectural, 315 
attenuation coefficient, 315 
definition of terms, 315 
hearing, 314 
differential sensitivity, 314 
distribution of hearing losses, 315 
sensitivity of ear, 314 
reverberation time, 315 
calculations, 315 
optimum, 316 
room type, 317 
sound type, 317 
Actinium 228, 
Beta-ray spectrum, 685 


Activity (power), 4 
Adsorption, heats of, 632, 633 
charcoal, 632, 633 
Aeronautics, 337 
air flow, 337, 349 
compressible, 348 
force, parameters, 337, 343 
illustrations, 349 
isentropic, 348 
formulas, 348 
normal-shock, 348 
formulas, 348 
oblique-shock, 348 
paramcters (force) and Mach numbers, 
350, 352 
speed vs. ргезвигс, 338 
supersonic, 348 
types, 339, 349 
vs. Mach number, 349, 352 
vs. Reynolds number, 349 
bodies moving through a liquid, 337 
forces on, 337 
angle of attack, 339 
aspect ratio, 339 
depends upon, 337 
for air: attitude to wind, 337 
center of pressure, 339 
drag coefficient, 339, 340, 342 
lift coefficient, 339 
Mach number, 337, 340 
and flow parameters, 342, 350 
pressure, dynamic, 338 
vs. air speeds, 358 
Reynolds number, 337 
critical, 341 
shape of body, 337 
speed, 338 
surface, roughness, 337 
turbulence of air, 337 
sample bodies: 
airfoils, 353 
air flow around, 352 
angle of attack, 352 
Mach number, 352 
Reynolds number, 352 
surface roughness, 352, 353 
flow parameters, 353 
vs. Mach number, 353 
force coefficients, 353 
illustrations, 352 
cylinders, nonrotating, 340 
drag coefficient, 340. 341 
aspect ratio, 340 
Mach number. 340-342 
Reynolds number, 340, 341 
inclination of axis to wind direction, 
341 
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Aeronautics—continued 
flat plates, thin, 339 
force coefficients, 339 
angle of attack, 339 
drag, 339, 340 
lift, 339 
Mach number, 340 
Reynolds number, 340 
local skin friction, 343, 345 
moment thickness, 344 
skin friction, 343 
laminar flow, 343, 344 
Reynolds number, 343 
turbulent flow, 343, 344 
miscellaneous bodies, 343 
drag coefficient, 343 
Reynolds number, 343 
various bodies, 343 
forces on, 343 
spheres, 341 
drag coefficient, 341 
Mach number, 342 
Reynolds number, 342 
forces on, 342 
pressure coefficient, 342 
Reynolds number, 341 
critical, 341 
sphere size, 341 
standard atmosphere for, 345 
basis of, 345 
characteristics of, 347 
extension of, 347 
properties, 347 
ratio specific heats, 345, 348 
velocity of sound in, 347 
viscosity, 347 
kinematic, 347 
Age, earth, 741 
moon, 741 
radioactive materials, 679 
strata, 741 
universe, 710 
Air (see also Atmosphere), 592 
aqueous vapor, pressure in atmosphere, 
599 
sea-level, 605 
composition, ground level, 592 
up to Fe layer, 592 
compressibility, 265 
density of moist air, 596-598 
dry, thermal properties, 269, 270 
effects on weighing, 69 
corrections, 69 
flow (see under Aeronautics), 337 
compressible, 348 
heat capacity, 163 
height, 592 
humidity, relative, 602 
determination, 602-604 
dry-bulb temperature, 604 
maintenance, 599 
various vapor pressures, 601 
wet and dry temperature, 604 
index of refraction, 532 
infrared transmission, 546 
Joule-Thomson effect in, 278 
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Air—continued 
mass, 592, 720 
different values, 720 
with direction of sight, 720 
moist: 
density, calculated, 596 
relative, 598 
transmission, 546 
saturated water vapor, 600 
pressure, 600 
weight, 601 
sound, speed 1n, 306, 594 
thermal conductivity, 142 
thermal properties, 270 
dry, 269, 270 
transmission of radiation, 538, 546 
components, 538 
ultraviolet, 538 
viscosity, kinematic, 345 
weight, 592 
Albedos (see Astronomy), 737 
Alcohol: compressibility, 282 
density, mixtures with water, 302 
melting point, with pressure, 118 
vapor pressure, 370 
viscosity, 320 
Alloys: alnico, 454 
aluminum, 192, 220 
Babbitt, 226 
brazing, 223 
carboloy, 224 
conductivity, electrical, 390, 391 
super, 394 
thermal, 138 
copper, 198 
density, 293 
Heusler, 458 
latent heat of fusion, 165 
low melting point, 125, 225 
composition, 125, 225 
magnetic, 458 
alnico, 454 
Heusler, 458 
permalloy, 453 
silmanal, 454 
superpermalloy, 453 
melting points, 125 
low, 125 
miscellaneous, 217 
resistivity, 384 
soldering, 223 
special purpose, 220 
thermal emí vs. lead, 379 
thermal expansion, 149 
invar, 221 
low expansion, 221 
special purpose, 220 
Alnico, 454 
Alpha particles (see also Radioactivity), 
664, 672, 680 
charge, 50 
characteristics, 672, 680, 681 
high-speed, artificial radioactive sources, 
682 
natural radioactive sources, 681 
ionization, 672 
mass, 49 
range in air, 672, 684 
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Alpha particles—continued 
relative stopping power of selected sub- 
stances, 684 
velocity, 672 
Alpha-ray spectra, artificial radioactive sub- 
stances, 682 
natural radioactive substances, 681 
Altitude, by barometer, 613 
Aluminum: alloys, properties, 192 
atomic weight, 619 
boiling point, 117 
conductivity, 404 
mechanical properties, 192 
melting point, 117 
oxide, 162 
solder, 223 
wire, 414 
Alums, 521 
index refraction, 521 
American candle (see Photometry), 94 
after 1948, 94 
Ammonia: compressibility, 266 
hydrolysis, 399 
latent heat of vaporization, 167 
pressure variation, 167 
liquid, density, 178 
heat content, 162, 178 
latent heat, 178 
pressure variation, 167 
pressure effects, 167 
properties, 178 
specific heats, 178 
thermal properties, 162 
Ampere, 20 
Ampere-turn units, 18 
Amu, 21 
Angle, 4 
Angstrom, 4, 63 
Angular acceleration, 4 
Angular momentum, 4 
Angular velocity, 4 
earth, 729 
Antenna arrays, 434 
Antifreeze solutions, 135 
Aphelon, 729 
API scale, 290 
Apostilb, 93 
Apothecary mass unit, 63, 64, 66 
Aqueous solutions, 300-305 
density, 300-305 
diffusion into water, 354 
Ares (see under name of) 
Area, 4 
Argon: compressibility, 264 
melting point vs. pressure, 117, 118 
parameters, 117 
volume-pressure, 118 
Artificial disintegration, 653, 669, 706 
bombardment, 669, 670 
alpha-ray, 669 
deuteron, 669 
neutron, 667, 669 
photonuclear, 669 
products, 669 
proton, 669 
interesting results, 652, 669 
methods of producing elements beyond 
uranium, 670 
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Artificial disintegration—continued 
parts, 706 
pile yields, 670 
results of, 666-670 
Artificial radioactivity, 667 
slow-neutron-produced, 667 
Asbestos, thermal conductivity, 139 
Astronomical units, 729 
Astronomy, 728 
albedos, 737 
planets, 737 
calendars, 728, 732, 733 
equation of time, 728 
Julian day, 733 
perpetual, 732 
clouds of Magellan, 746 
constellation abbreviations, 743 
craters, 736 
lunar, 736 
terrestrial, 736 
data, miscellaneous, 729 
day (see also under Definitions), 729 
change of, 780 
definitions, 729 
earth, 734, 741 
age, 741 
Strata, 741 
diameter, 729 
dimensions, 729, 734 
distance, to moon, 730 
to sun, 730 
interior, characteristics, 739 
density, 739 
with depth, 739 
elastic constants, 740 
rocks, 740, 741 
pressure, 739 
temperature, 727 
velocity, earthquake waves, 739, 740 
mass, 729 
orbit, 729, 734 
physical data, 729 
precession for 50 years, 738 
quake waves, 739 
velocity in ocean, 777 
rigidity, 740 
rotation, 729, 780 
variation, 780 
satellites, 734 
strata, 741 
temperature, 734 
various places, 726 
velocity, earthquake waves, 739 
viscosity, 729 
galaxies, local family, 748 
our galaxy, 713, 770 
center,.770 
rotation, 770 
stars, mass, 713 
number, 713 
interstellar space, 771 
matter, 629, 771 
temperature, 763 
Magellanic clouds, 746 
moon (see also Moon), age, 741 
nebulae (see also under stars), classifica- 
tion, 758 
nebulae lines, 745 
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Astronomy—continued 


novae, well observed, 757 
orbits, planets, 734 
planets, 734 
albedos, 737 
distance to sun, 730 
orbits, 734 
period, 734 
physical data, 734 
satellites, 735 
orbits, 735 
temperature, 734 
precession for 50 years, 738 
rotation, earth, 780 
our galaxy, 770 
stars, 771 
Russell-Hertzsprung diagram, 754 
satellites, orbits, 735 
physical data, 734, 735 
planets, 735 
solar constant, 719 
variation, 720 
solar corona, emission lines, 744 
solar eclipses, 742 
solar flares, 743 
solar motion, elements of, 731 
stars: 
binary mass of, within 10 parsec of sun, 
752 
spectroscopic, 768 
spectroscopic eclipsing, 767 
visual, 761 
brighter than magnitude m, 756 
Cepheids, 760 
period-luminosity curve, 744 
clusters, classification, 769 
galactic, 769 
globular, 769 
properties, 769 
concentration, 749 
near sun, 751 
eonstellations, abbreviations, 743 
near sun, 751 
degenerate, 762 
diameters, 753 
dwarfs, 762, 763 
degenerate, 762 
density, 762 
white, 762 
equivalent light from, 757 
explosive, 761 
first magnitude, 752 
galactie concentration, 749 
magnitude, 749 
galaxies, 746, 748 
local family, 748 
our galaxy, 770 
center, 770 
rotation, 770 
stars, number, 770 
giants, 762 
low density, 762 
magnitude, 730 
absolute, 730 
bolometrie, 754 
first, and brightness, 752 
per cubic parsec, 735 
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Astronomy, stars—-continued 
number and brightness, 756 
near sun, 735 
per square degree, 756 
photographie, 735, 749 
radiometric, 730 
reduction to visual, 754 
spectrum type, 753 
visual, absolute, 753 
to bolometric, 754 
mass, total our galaxy, 713 
mass-luminosity, 758 
masses, binaries, 752 
motion of, 764 
large, 756 
velocities, 765 
near sun, 751, 752 
masses, 752 
nebulae, brightness, 757 
classification, 758 
nongalactic, 759 
variables with, 760 
novae, 757 
brightness, 757 
well observed, 757 
characteristics, 757 
classification, 758 
Milky Way, 746 
nongalactic, 759 
number of, 757 
and galactic latitude, 756 
and light, 757 
and magnitude, 756 
log. No. per square degree, 756 
near sun, 735, 751, 752 
per cubic parsec, 735 
our galaxy, 713 
universe, 713 
various classes, 748 
within 5 parsec of sun, 751 
within 10 parsec of sun, 752 
of large proper motion, 756 
parallax, mean annual, 750 
magnitude 10, 750 
rotation of, 771 
Russell-Hertzsprung diagram, 754 
spectrum classes, 748, 750, 753 
galactic concentration, 749 
proper motion, 742 
temperatures, 750 
and diameters, 753 
visual magnitude, 753 
spectrum types, 753 
magnitude, 750, 753, 754 
temperatures, 750 
and diameter, 753 
variables: Be stars, 761 
classification, 760 
Cepheids, 760 
' period-luminosity curve, 744 
erratic, 760 
explosive, 760 
general characteristics, 760 
long period, 760 
luminosity curve, 744 
nebulosities, 761 


Astronomy, stars—continued 
novae, 761 
repeating, 761 
pulsating, 760 
P Cygni, 761 
red, 760 
RV Tauri, 760 
semi-irregular red, 760 
semiregular, 760 
temperature, 750 
with large radial velocities, 766 
Z Camelopardalis, 761 
stellar (see stars) 
stellar diameters, 753 
stellar radiation measurements, 759 
stellar spectra: classes, 748, 750, 753 
dwarf, 762, 763 
galactic concentration, 749 
luminosity classification, 747 
percentage various classes, 748 
proper motion, 742 
related characteristics, 746 
systems, 746 
brighter stars, 746 
clouds of Magellan, 746 
Milky Way, 746 
supergalaxies, 746 
temperature, 753, 754 
types and magnitudes, 753 
strata, age, 741 
sun (see Sun), eclipses, 742 
telescopes, largest in use, 728 
temperature, interstellar space, 763 
time, calendars, 732, 733 
equation, 728 
transmission of light through space, 771 
Astrophysics, 728 
Atmosphere (see also Air), 592 
aqueous vapor, 599 
pressure, sea level, 605 
characteristics, above Fe layer, 595 
up to F2 layer, 594 
density, above Fe layer, 595 
up to F2 layer, 594 
vs. height, 594, 595 
electricity (see Lightning), 614 
extent of, 592 
humidity, 596 
maintenance, 599 
pressure, 602 
relative, dry-bulb temperature, 602 
temperature, 602 
vapor pressure, 602 
wet-dry thermometer, 604 
ionic equilibrium, 615 
layers: 
ionosphere, 592 
E layer, 592 
F1 layer, 592 
Fe layer, 592 
G layer, 592 
stratosphere, 592 
troposphere, 592 
upper atmosphere, 592 
mass, 592 
and solar altitude, 725 
path through (radiation), 720 
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Atmosphere—continued 
potential gradient, 614 
pressure, above Fs layer, 595 

up to Fe layer, 594 
vs. height, 594, 595 
regions, 592 
standard, 4, 47, 345 
basis, 345 
characteristies, 347 
above Fe layer, 595 
height, 594, 595 
ratio specific heats, 345, 349 
up to Fe layer, 594 
density, 347 
extension of, 347 
properties, 347 
stratosphere, 592 
temperature, above Fe layer, 595 
harmonic mean, 346 
up to F» layer, 594 
vs. height, 594, 595 
transmission of radiation, 538, 546 
components, 538 
ultraviolet, 538 
with direction, 720 
troposphere, 592 
unit of pressure, 4 
viscosity, 345, 347 
water-vapor pressure, 600, 605 
saturated, weight, 601 

Atmospheric electricity, 615 

charge, 615 

rain, 615 

snow, 615 

space, 615 
conductivity, air, 615 
current, 614 

density, 614 
ions, 615 

equilibrium, 615 

life of, 615 

mobility, 617 

rate of formation, 615 
lightning (see also Lightning), 614 
potential gradient, air, 614 

Atom, 653 
angular momentum, 579 
Bohr, 579 
bomb, 653 
composition, 618 
data, 582, 618-624 
diameters, 643 

elements, 643 
diffusion coefficient, 644 
gaseous ions, 644 
neutral gases, 644 
dimensions, 618 
effective radii, 643 
electric orbits, 624 
electron configuration, 622 
elements, 622 
neutral atoms, 582 
ionization potential, 582 
normal states, 622 
singly ionized, 584 
ionization potential, 584 
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Atom—continued 
elementary particles, 618, 664 
energy, 579, 653 
heat, elements, 160 
ionized, 584 
singly, 584 
isotopes, 654 
mass, 50, 51 
mass unita, 654 
molecular data, 618 
names, 620 
foreign, 620 
obsolete, 620 
neutral, electron binding energy, 649, 650 
spectroscopie properties, 582 
number, 620 
periodic system, 621 
radii, 643 
effective, 643 
radioactive, 672, 673 
specific heats, 160 
spectra (see also Series relations), 582 
spectroscopic properties, 582-585 
neutral, 582 
singly ionized, 584 
susceptibility, 451 
volume (elements), 160 
inert gas, 646 
weights, 47, 619 
international, 619 
physical to chemical, 47 
units, 47 
Atomic (see Atom), 653 
Attenuation coefficient, radio waves, 442, 
443 
Avogadro’s number, 4, 47, 51, 54 
Avoirdupois, 62, 63, 64, 66 


Babbitt metal, physical properties, 226 
Bakelite, 152 
Bar, 4; 277 
Barn, 653 
Barometer, 606 
capillarity, correction for, 606 
metric units, 606 
determination of heights, 613 
expansion, correction for, 607 
mercury meniscus, volume, 606 
pressure: columns of mercury, 606 
columns of water, 606 
reduction: barometric height to standard 
temperature, 607 
to standard gravity (different heights), 
608 
English units, 611 
metric units, 609 
temperature correction, 607 
Barye, 4, 277 
mega, 6 
Baryton, 653, 664 
Batteries, 377 
composition, 377 
emf, 377 
standard cells, 378 
Baumé scale: density of cane sugar, 305 
specific gravity of, 289 
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Bel, 309 
Beta particles, 651, 653, 691 
Beta rays (see also Radioactivity), 653 
characteristics, 651, 672, 683, 691 
from radioactive materials, 683, 685 
energy, 683, 684 
isotopes, 683, 684 
spectrum: actinium 228, 685 
protactinium, 685 
thallium, 679 
thorium 227, 685 
Betatron, 653, 657 
Binding energy of electron, neutral atoms, 
649, 652, 653 
singly-ionized atoms, 650 
Blackbody, 7, 79, 80 
brightness, 95, 96 
calculated values, 81, 82, 85, 95, 104 
changes due to changes in с>, 86 
precautions in using сі, 80 
constants (radiation), 80 
value of e» at different times, 80 
crova wavelength, 96 
efficiency of radiation, 96 
luminous, 93 
equations, 7, 79 
Planck, 7, 79 
Stefan-Boltzmann, 7, 80 
Wien, 79 
displacement, 80 
laws, 7, 79 
lumens/em, 93, 96 
lumens/watt, 93, 96 
luminous efficiency, 93 
temperature, 96 
luminous intensity, 93 
spectral vs. temperature, 95 
mechanical equivalent of light, 96 
plane, lumens per unit, 80 
solid angle, 80 
radiant energy, 79 
calculated values: 
c», 86 
short method, 85 
spectral, 82 
temperature, 82 
spectral intensity vs. temperature, 95 
spectral luminous intensity, 95 
Standard radiator, 79 
symbols, 79 
total radiation, 81 
caleulated values, 81 
Blackening receivers of radiation, 548 
Body moving through a liquid (see also 
under Aeronautics), 337 
Bohr atom, 581 
magnetic moment, 49 
magnetron, 49, 52, 54 
radius first orbit, 51 
Boiling points: elements, 117 
inorganic compounds, 120 
metals with pressure, 119 
organic compounds, 122 
pressure, 119 
salts in solution, 131 
rise in, 133 


effect of change in 
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Boiling points—continued 
water, 133 
pressure effect, 118, 169 
rise of boiling point due to salts in 
solution, 133 
Boltzmann’s constant, 49, 52, 54, 80 
Bond energies, 633 
Bougie decimal, 92 
Brass, mechanical properties, 195 
Brazing alloys, 223 
brass, 223 
iron, 223 
steel, 223 
Brazing flux, 223 
Brightness, 93 
blackbody, 94, 96 
blue and candlepower, various materials, 
104 
candle, 104 
flames, 104 
fluorescent lamp, 110 
lamps, acetylene, 104 
filaments, 104 
molybdenum, 103 
moon, 104 
Nernst glower, 104 
oxides, 104 
sky, 104 
sun, 104 
tantalum, 103 
temperature, 7 
correction to true, 100 
materials, 104 
various illuminants, 104 
tungsten, 102 
units of, 93 
various materials, 104 
Welsbach mantle, 104 
Brinell hardness, 187 
British Imperial system of weights and 
measures, 64 
metric equivalents, 64 
British Thermal Unit, btu, 7, 21, 60 
Brix degrees, 305 
Bronze, mechanical properties, 197 
Brownian movement, 630 
Btu, 7, 21, 60 
Building materials, 229 
brick masonry, 231 
strength, 231 
bricks: characteristics of, 230 
coefficient of expansion, 152 
water absorption, 230 
weighted average strength, 230, 231 
characteristics, 229 
concrete: compressive and 
strengths, 230 
elastic properties, 230 
strength, 230 
effect of quantity of mixing water, 
230 
compressive; effect of entrained air, 
230 
tensile, 229 
masonry mortars, 229 
reflection factor, 553 


tensile 
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Building materials—continued 
stone: American, 231 
stiffness, 231 
ultimate strength, 231 
Bursts (cosmic ray), 653 


ci, 80 
c2, 80 
at different times, 80 
Cadmium red line, 569 
lamp, 568 
Calendar, Julian day, 733 
perpetual, 732 
Calcite: density, 48 
grating space, 48 
molecular weight, 48 
ratio grating vs. Seigbahn, 48 
structural constant, 48 
Calcium fluoride, 515 
Calorie, 7, 21 
international, 8, 60 
Candle, 93 
foot-, 91, 94 
international, 94 
meter, 93 
1948, 94 
old, 92 
spherical, 93 
Waidner-Burgess, 94 
color, 94 
Candlepower, 93 
distance, 95 
inverse square law, 95 
disk, 95 
line, 95 
Capacitance, 11 
Capacity, electric, 16 
physical, 60 
Carat, 4 
metric, 4 
Carboloy, characteristics, 224 
Carbon, 105 
arc, 105 
light output, 105 
cycle, 666 
energy, 666 
lamps, 104, 105 
untreated, 105 
Carbon dioxide, compressibility, 265 
Joule-Thompson effect, 280 
values of pv, 265 
Carcel unit, 92 
Castor oil, density, 322 
viscosity, 322 
Cathode rays (see also Electron), 653, 691 
constants for speed, 690, 691 
impinge on matter, 690 
ionization, 672 
path, 690 
speed in matter, 690 
three headings, 691 
velocity, 691 
and voltage, 691 
voltage, 691 
Cells (batteries), composition, 377 
emf, 377 
standard, 378 
Celsius temperature scale, 8 
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Centigrade temperature scale, 8 
Centipoise, 318 
Centistoke, 321 
Cgs, 15 
Chain (Gunter), 62 
Chain reaction, 653 
Charcoal: 
adsorbing power, 632 
activation, 632 
increased by treatment, 632 
heats of, 632 
gases, 633 
vapors, 632 
physical properties, 632 
types of, 632 
Charge, electron, 47 
hydrogen atom, 49 
rain, 615 
snow, 615 
unit, 10 
Chemical composition, earth, 626 
meteors, 626 
sun (atmosphere), 627 
Chemical energy data, 185 
Circular area, 4 
Circular functions, 32 
Circular inch, 4 
Coal, 181 
analysis, 181 
heats of combustion, 181 
Coefficient of thermal expansion, 8 
Colloids, 630 
bond energies, 633 
Brownian movement, 630 
charcoals, adsorbing power, 632 
effect of activation, 632 
heats of adsorption, gases, 633 
vapors, 632 
dimensions, 630 
dusts, explosion limits, lower, 634 
explosion pressures, 634 
ignition temperatures, 634 
particle size, 630 
propagation temperature, 634 
field, 630 
heat of sorption, 632 
particle size, 630 
dusts, 630 
influence of solubility, 631 
protein molecules, 631 
properties due to, 630, 631 
solubility, 631 
proteins: characteristics, 631 
molecules, 631 
pH stability range, 634 
spreading coefficients, organic liquids, 633 
types, 630 
Color, equation, 729 
index, 729 
of light emitted by various sources, 103 
screens, 535 
temperature, 8 
blue brightness and candlepower, vari- 
ous materials, 104 
illuminants, 104 
materials, various, 103, 104 
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Color—continued 
minus brightness temperature, carbon, 
104 
Combustion, constants (some substances), 
179 
flame temperatures, 179 
heats of, carbon, 179, 180 
carbon compounds, 179 
coals, 181 
gases, 182 
liquid fuels, 181 
miscellaneous compounds, 180 
peat, 181 
petroleum (crude), 182 
various sources, 182 
solids, 181 
sugars, 182 
values, fuels, 181 
woods, 181 
Common units of measurement, spelling and 
abbreviations, 56 
Compressibility: ammonia, 266 
carbon dioxide, 261 
compounds, 286 
crystals, 287 
elements, 285 
ether, 282 
gases, 267 
low temperature, 264 
under high pressure, 265 
glasses, 288, 289 
liquids, 282 
mercury, 282 
metals, high pressure, 286 
petroleum oils, 284 
quartz, 288 
rocks, 288 
rubber, 235, 237 
solids, 283 
sulfur dioxide, 266 
water, 283 
Compton effect, 49, 52, 55 
Concrete (see Building materials) 
Conductance, 11, 12 
electrolytic, 397 
temperature effects, 397 
Conduction (see also Thermal conduction) : 
gases, 115 
heat across air space, 114 
high temperature, 115 
Conductivity (see also Resistivity): 
solutions, 398 
air, 616 
alloys, 384, 390 
temperature coefficient, 390 
bases, solutions, 398 
calculating, 417 
dielectrics, 395 
electrical, 11, 12 
electrolytic solutions, 397 
molecular, 398 
temperature coefficient, 397 
equivalent vs. temperature, 397 
ions, 399 
separate, 399 
solutions: acids, 400 
bases, 400 
salts, 400 


acid 
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Conductivity—continued 
glass, 396 
high-frequency, 396 
metals, 384, 389 
molecular (specific), 398 
nonconductors, 428 
oxides, 395 
plastics, 239 
pressure effects, 388 
rocks, 395 
salts (solutions), 398 
soils, 395, 440 
solids, 395 
solutions, 397 
specific molecular, 398 
super, 394 
alloys, 394 
compounds, 394 
metals, 394 
tellurium, 380 
temperature coefficient, 390, 391 
tension effects, 387 
thermal (see Thermal conductivity) 
Conductor, resistance of, 11 
Cones in eye (see also under Eye), 90 
Constants: critical gases, 276 
mathematical, 25 
physical (see also Units), 47, 51, 54 
Bearden and Watts, 54 
Birge, 47 
DuMond and Coben, 51 
radiation, 80 
Constellations, abbreviations, 743 
Contact potentials: liquids, 376 
solids, 376 
various metals, 379-381 
Continents, 772 
area, 772 
highest point, 772 
lowest point, 772 
Convection of heat, 114 
air, 114 
eooling by, 112 
gases, 115 
pressure, 115 
temperature, 114, 115 
Conversion factors, 2, 57 
Centigrade to Fahrenheit, inside front 
cover 
dimensional formulas, 2, 58, 59 
Fahrenheit to Centigrade, inside front 
cover 
formulae, 57 
methods of calculating, 2, 57 
units: ampere turns to ordinary, 18 
area, 60, 781 
atomie mass to Mev, 54 
British imperial to metric, 67 
capacity, 60, 62, 781 
changing, 57 
conduction of heat, 137 
density 
API, 290 
Baumé, 289 
electrical equivalents, 20 
former, 22 
electricity, 10, 20, 781 
international to 1948, 20 
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Conversion factors, units—continued 
National Bureau of Standards to 
international, 20 
three systems, 20 
energy, 17, 20, 21 
flow, 781 
molecular, 618 
gage pressure (lb./;n.?) to atmosphere, 
267 
gas laws, 260, 267 
gaseous states (thermal), 268 
general, 781, 785 
gravitational, 782 
heat, 58, 784 
flow, 136 
for different gradients, 137 
illumination, 93, 94 
length, 60 
linear, 60, 782 
magnetic quantities, 16, 18 
mass, 60 
metric, to British, 64, 66 
to U.S.A., 61, 63 
Mev to atomic mass, 21, 53, 54 
miscellaneous, 63, 781, 785 
molecular energy, 618 
paper measure, 783 
photometric, 93, 94, 783 
photometry, 93 
brightness, 93 
illumination, 93 
pressure, 277, 783 
radiation, 136 
resistivity, 784 
speed, 784 
temperature, 784 
per area, 784 
thermal, 784 
time, 784 
U.S. customary to metric, 61-63 
volume, 60, 785 
wavelength, 509 
weight, 785 
per volume, 785 
Cooling: by convection, 112 
by radiation, 112 
effect of pressure, 112 
platinum wire, 113 
Copper (see also under Wire), 198 
alloys, properties, 198 
freezing point, 72 
high conductivity, 404 
mechanical properties, 198 
resistance standards, 404 
wire, 208 
annealed, 208 
characteristics, 408-414 
medium hard, 208 
ratio, ac-dc resistances, 419 
resistance, to compute, 416 
temperature coefficient, 406 
safe carrying capacity, 416 
soft. 208 
specification values, 208 
standard annealed, 408 
Core losses, electric steel sheets, 456 
Cosines, 32 


796 


Совтіс гаув, 653, 710 
bursts, 711 
characteristics, 711 
top atmosphere, 710 
eritical energy, 712 
composition 
at geometric latitude 30?, 713 
data, 712 
earth's magnetic field, 710 
energy, 710 
critical, 712 
total, 712 
entering atmosphere, 712 
hard component, 711 
ionization, 710, 711 
intensity, 710 
50° geometric latitude, 712 
sea level, 711 
top atmosphere, 710 
meson, 711 
origin, 710 
penetration, 711 
variation with latitude, 712 
primary, 710 
characteristics, 710 
source, 710 
radiation, composition and latitude, 712 
earth’s surface, 712 
our galaxy, 713 
universe, 713 
reaction, atmosphere, 711 
secondary, 711 
hard, characteristics, 711 
intensity and altitude, 711 
earth's surface (sea level), 711 
latitude, 710 
soft, 711 
showers, 711 
soft component, 711 
source, 710 
Stars, 711 
theories, 710 
total energy, 710 
variation, latitude, 710 
Cosmos, 653 
Cotangents, 32-36 
Cotton, thermal conductivity, 139 
Craters (see also Astronomy), 736 
Critical constants: gases, 276 
light hydrocarbons, 293 
Cross section (particle), 653 
fission products, 709 
fissionable nuclei, 708 
organic molecules, 646 
Crova wavelength, 96 
Cryostats, liquids for (noninflammable), 183 
viscosity, 183 
Crystals: artificial (optical), 515 
biaxial, 529 
characteristics, 515, 529 
compressibility, 287 
cubic, 430 
dielectric: constant, 430 
monoclinic, 431 
strength, 430 
index of refraction, 516, 518-529 
temperature, 520 
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Crystals—continued 
infrared, 516-527 
transmission (spectral), 517, 545 
inversion, 126 
ionic, lattice spacing, 647 
radii, 648 
isotropic minerals, 522 
metals, interatomic distances, 648 
structure, 648 
optical, 515-521 
orthorhombic, 430, 432 
phases, 126 
size, 515 
thermal expansion, 152 
transitions, reversible, 126 
pressure, 126 
transmission, 517, 545 
range, 515-545 
spectral, 517-545 
types, 515 
uniaxial, 430 
uses, 515 
Cubical expansion (thermal): elements, 148 
gases, 154 
leather, 233 
liquids, 153 
organic, 153 
water, 153 
Cubit, 4 
Curie (unit radioactive decay), 672 
Curie constant for paramagnetic substances, 
461 
Current, electric, 12, 20 
effect on human body, 375 
Cyclotron, 653, 657 


Dalton, 5 
Data, experimental, 1-37 
treatment of, 37-40 
average deviation, 37 
errors, 37 
equations for: 
38 
linearly related quantities, 38 
quadratic and other related quanti- 
ties, 39 
indexes of precision, 37 
least squares: relations, 37-39 
solutions, 39 
terms, even, 42 
odd, 42 
tables, 41-43 
methods of averaging, 37 
modulus of precision, 37 
precision constants, 37 
average deviation, 37 
probable error, 37, 43 
reciprocal, 37 
modulus of precision, 37 
relation of, 37 
standard deviation, 37 
Date, international line, 729 
Day (see Astronomy), 729 
change of, 780 
De Broglie wavelength, 653, 665 
Debye unit, 441 
various particles, 44] 


least squares solutions, 
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Decibel, 309 
Declination, 729 
magnetic, 468 
Definitions: astronomy, 729 
atomic physics, 653 
blackbody, 79 
electric: 10-20 
international units, 20 
1948 units, 20 
electromagnetic, 10 
gas laws, 259 
geomagnetism, 468, 469 
geometric, 4 
heat, 7 
illumination, 93 
magnetic, 10, 451 
magnetism, 451 
mechanical, 4 
nuclear, 653 
photography, 562 
photometry, 93 
physical properties, 187 
radiation, 79 
temperature, 9, 70 
viscosity, 319 
Degeneration (see Artificial disintegration) 
Delaunay’s y, 729 
Delta rays, 653 
Demagnetization factor for rods, 467 
Denier, 242 
Density, 5, 291 
air, 269, 270 
moist, 598 
alloys, 293 
API, 290 
aqueous solutions, 300 
alcohol, ethyl, 302 
methyl, 304 
cane sugar, 304 
Baumé and Brix degrees, 305 
sulfuric acid, 304 
Baumé scale, 305 
Brix, 305 
calcite, 48 
castor oil, 322 
critical, 276 
earth, 48 
variation with depth, 739 
elements, 291 
liquids, 291 
solids, 291 
ethyl-alcohol mixtures, 302 
gases (various units), 269 
gasolene, 322 
glycerol-water, 321 
hydrocarbons, 329 
inorganic compounds, 120 
kerosene, 295 
leather, 233 
liquids, 295 
methyl alcohol and water solutions, 304 
cane sugar, 304 
sulfuric acid, 304 
mercury, 299 
and volume, 299 


Density—continued 
minerals, artificial, 294 
natural, 294 
organic compounds, 122 
photographic, 562 
planets, 734 
plastics, 238, 239 
reduction in air to vacuum, 69 
salts, 531 
satellites, 734 
solids, various, 292 
cgs, 292 
English, 292 
stars, high, 753, 762 
low, 753, 762 
sugar: Baumé degree, 305 
Brix, 305 
solutions, 304, 305 
sulfuric acid and water solutions, 304 
sun, 731 
vapors, 269 
water, 295, 296 
air-free, 296 
and volume, 298 
woods, 246, 258 
Derivatives and integrals, 23 
Deuterium, 653 
Deuteron, 653 
Developers, photographic, 563 
Deviation in experimental data (see under 
Data), average, 37 
standard, 37 
Diamagnetic elements, temperature effect, 
461 
Diamagnetic substance, 451 
susceptibility, 451 
temperature effects, 461 
Diatomic constants, 586 
Diatomic molecules, 586 
energy: electronic, 586 
rotational, 586 
formula, 586 
vibrational, 586 
formula, 586 
level, 589 
states, 586, 589 
molecular constants, 587 
Dielectric constant (specific inductive ca- 
pacity), 10, 423 
air, 423, 424 
pressure, 422, 424 
alcohol, 424 
ceramics, 437 
crystals, 437 
clamped, 430 
free, 430 
elastomers, 438 
gases, 423, 424 
liquefied, 426 
nonpolar, 436 
pressure, 424 
temperature, 423 
glasses, 427 
guttapercha, 427 
ice, 427 
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Dielectric constant—continued 
insulating materials, 429 
at radio frequencies, 429 
kerosene, 425 
liquids, 425 
formula, 426 
pressure, 424 
temperature, 426 
coefficient, 426 
wavelengths, long, 426 
loss tangent of dielectric materials, 437 
lucite, 438 
materials (various), 427, 428 
dielectric, 437 
oils, 425, 426 
organic, 425 
pressure effects, 424 
silicone, 438 
soils, 440 
vaseline, 439 
mica, 427 
minerals, 428 
nonconductors, 428 
radio-frequencies, 429 
paper, 427 
paraffin, 427 
plastics, 437 
quartz (fused), 428 
quartz erystals, 430 
rochelle salt, 431 
rock salt. 430 
rocks, 426 
rubber, 438 
artificial, 438 
shellac, 427, 438 
soils, 440 
solids, 427 
standard solutions, 428 
sulfur, 430 
unit, 10. 423, 430 
water, 425 
woods, 438 


Dielectric materials (dielectric constant and 

loss tangent): amber, 438 

ceramics, 437 

erystals, 437 

frequency, 437 

glasses, 437 

guttapercha, 438 

liquids, 439 
inorganic, 439 
organic, 439 

lucite, 438 

nylon, 437 

oils, 439 

paraffin, 438 

plastics, 437 

rubber, 438 

shellac, 438 

solids, 437 

temperature, 423 

vaseline, 439 

water, 439 

waxes, 438 

woods, 438 

Dielectric properties of nonconductors, 428 
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Dielectric strength, 421 
air, 421 
electrodes, 421 
spacing, 421, 422 
potential, 421 
pressure, 422 
voltage for spark: ac, 421 
voltage for spark: de, 421, 422 
materials (various), 423 
glass, 423 
guttapercha, 423 
keroserie, 422 
voltage for spark, 422 
liquid air, 423 
mica, 423 
oils, 423 
paper, 423 
paraffin, 423 
rubber, 423 
unit, 423 
Diffusion: aqueous solutions into water, 354 
coefficients 
gaseous ions, 644 
gases, neutral, 644 
constants, water vapor through leather, 
232 
gases, 356 
ions, positive, mobility in noble gases, 644 
metals into metals, 356 
vapors, 355, 356 
Diffusivities for materials, 143 
Digit, 5 
Dimensional equations, 2 
examples, 57 
Dimensional formulas, 2, 58 
use of, 3 - 
Dimensional formulas of units, 2 
derived, 58 
dynamical, 58 
electrical, 59 
fundamental, 57 
geometrical, 58 
heat, 58 
light, 58 
magnetic, 59 
mechanical, 58 
photometric, 58 
thermal, 58 
use of, 57 
Diopter, 5 
Dip: horizon, 730 
magnetic, 468 
Dipole moment, 441 
inorganic, 441 
organic, 441 
unit, 441 
Debye, 441 
Discharge in air, 421 
ac, 421 
de, 421 
effect of electrode shape, 421 
effect of pressure, 422 
length of gap, 421, 422 
voltage required, 422 
Disintegration, artificial, 651, 653, 669 
types, 669 
Disk source, 95 
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Dispersion, glass, 509 

Displacement constant (Wien), 80 
Displacement law (Wien), 79, 80 
Dominical letter, 732 

Dowmetal, 220 

Duralumin, 220 

Dusts (see under Colloids) 

Dyestuffs, transmission of radiation, 538 
Dyne, 5 


Ear (see also under Sound), 306, 314 
Earth (see also under Astronomy), 728 
age, 741 
angular velocity, 780 
area, 729, 772 
land, 772 
oceans and seas, 772 
atmosphere (see also Atmosphere), 592 
characteristies, 734, 739 
composition, 625 
constants, various, 729, 772 
eraters, 736 
density, 48, 739 
vs. depth, 739 
depth, oceans, 773 
dimensions, 729, 772, 773, 774 
distance to moon, 729, 730 
distance to sun, 729, 730 
earthquake waves, velocity, 740 
electrical data, 502 
elements, percent, 625 
elevation, mountains, 772 
energy, rotational, 729 
gravitation (see also Gravitation), 714 
interior characteristics: density, 739 
elastic constants, 739 
pressure, 739 
land area, 772 
liquefaction, 740 
magnetic data, 502 
magnetism (see also under Geomagnet- 
ism), 470 
mass, 729 
moment of inertia, 739 
oceans and seas, 772 
orbit, 729 
dimensions, 729, 774 
eccentricity, 729 
general precession, 729 
obliquity, 734 
physical data, 729, 734 
radius, 729, 734, 772 
equatorial, 729, 734 
polar, 729, 734 
rigidity, 740 
rotational energy, 729 
solidification, 741 
temperature: depth, 726, 727 
oceans, 774 
surface, 726 
highest, 726 
lowest, 726 
selected stations, 726 
variation, 726 
velocity: in orbit, 729 
rotation, 729 
volume, 729 


752 


Earthquake waves (see also under Astron- 


omy), 740 


Effective wavelength, red pyrometer glass, 
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Efficiency, lamps, 105, 110 
Elastic limit, 187 
Electric ares, 105, 109 


capacity, 16 
current, 11 
effect on human body, 375 
dipole moment, 441 
field intensity, 11, 12 
inductance, 17 
potential, 11, 12, 20 
difference, 11 
power, 17 
quantity, 13 
standards, 13, 19 
surface density, 11 
units, 10, 15, 16 
definitions, 10-20 
1948, 19 
relative values, three systems, 20 


Electrical capacity, 16 


characteristics of materials, 375, 380 
conductivity, 12 
alloys, 390 
metals, 390 
conversion factors, 18, 20 
definitions, 10-20 
effect on human body, 375 
equivalents, former, 22 
fundamental standards, 13, 19 
inductance, 17 
properties of insulating materials, 429 
resistivity, metals, 393 
sheets, magnetic properties, 456, 459 
standards, 10, 20 
steel sheets, core losses, 456 
units: ampere turn, 18 
basis of each, 16 
capacity, 16 
conversion factors, 20 
electromagnetic, 10, 20 
electrostatic, 10, 20 
unit quantity, 10 
former, 22 
international prior to 1948, 16, 19 
new (1948), 19 
absolute, 19 
how maintained, 19 
relation to electromagnetic, 20 
relation to electrostatic, 20 
relation to international (prior to 
1908), 20 
old, 22 
practical, 20 
relation of three systems, 20 


Electricity: 


atmospheric, 614 
constants, 615 
charge on rain, 615 
charge on snow, 615 
elements, 615 

ionic equilibrium, 615 

lightning, 614 

piezo, 432 


800 SMITHSONIAN PHYSICAL TABLES 


Electricity—continued 
quantity, 16, 20 
specific heat, 379 
thunderstorm, 614 
characteristics, 614 
unit quantity, 10 
Electrochemical equivalents, 397 
iodine, 48 
normal solutions, 397 
silver, 48 
Electrode potential, 637 
Electromagnetic properties, 451 
Electromagnetic systems, 10-13 
Electromagnetic units, 10, 451 
definitions, 10 
difference of potential between metals in 
solutions of salts, 378 
Electrolytes, 397 
solutions, 397 
vs. temperature, 397 
Electron, 653, 664 
affinity, elements, 636 
angular momentum, 580 
atomic weight, 49 
binding energy, 649, 650 
neutral atoms, 649 
singly-ionized atoms, 650 
charge, 47, 50, 51, 54 
specific, 47 
configuration, 622 
neutral atoms, 582 
normal states, 622 
singly ionized atoms, 584 
emission, 635 
carbon, 635 
equation, 635 
hot solids, 635 
materials, various, 636 
metals, 635, 636 
temperature, 635, 636 
photoelectric effeet, 636 
potentials, 637 
contact (volta), 637 
electrode, 637 
solids, hot, 635 
formula, 635 
energy levels, 579 
energy relations, 651 
energy-velocity, 651 
mass, 651 
mass-velocity relations, 651 
negatron, 654 
positron, 654 
shell, 622, 653 
terms: from equivalent electrons, 580, 581 
from nonequivalent electrons, 580 
velocity relations, 651 
volt, 49, 54, 654 
weight, 50, 51, 54 
work function, 635 
Electronic charge, 47, 51, 54 
orbits, 624 
Electrostatic capacity, 12 
definitions, 11 
generator, 657 
units, 10 
Electrostriction, 427 


Elementary particles, 651, 664 
alpha particle, 664 
deuteron, 664 
electron, 664 
negative, 664 
positive, 664 
meson (several types), 664 
neutrino, 664 
neutron, 664 
photon, 664 
proton, 664 
Elements: : 
atomie: heats, 160 
numbers, 620 
radii, 643 
volume, 160 
weights, 619 
beyond uranium, 623, 651, 663 
production, 670 
binding energy: neutral atoms, 649 
singly-ionized atoms, 650 
boiling point, 117 
chemical: absorption wavelength, 701 
abundance: atmosphere, 592, 625 
early type stars, 628 
earth, 625 
earth-meteorites, 626 
gases, interstellar space, 629 
matter, interstellar space, 629 
meteorites, 626 
nebulae, 629 
rare gases, cosmos, 626 
sun, 627, 628 
sun's atmosphere, 626 
universe, 625 
composition, 618 
compressibility, 285 
configuration, 622 
density, 291 
diameters, 643 
electrochemical equivalents, 403 
electron configuration, 622 
neutral atoms, 582 
normal states, 622 
radius of orbits, 624 
singly-ionized atoms, 584 
electron emission, 635 
emissivities, 98 
energy levels, x-ray, 697 
energy units, 618, 653 
evaporation, 363 
hardness, relative, 228 
heat: capacities, 155, 157 
evaporation, 165 
fusion, 157 
ionization potential: neutral atoms, 582 
singly-ionized atoms, 584 
isotopes, 654, 655 
abundance, 655 
atomic mass, 658 
radioactive, 655-663 
K-wavelength series, 697 
L-wavelength series, 698 
latent heat of fusion, 157 
latent heat of vaporization, 165 
mass absorption, 704 
mechanical properties, 189 
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Elements—continued 
melting points, 117 
standards, 9, 117 
number 1952, 651 
optical eonstants (metals), 558 
periodic system, 621 
physieal properties, 189 
Poisson's ratio, 227 
radii, electron orbits, 624 
resistivity, 384 
temperature coefficient, 384 
specifie heat, 155, 160 
formula for, 157 
true, 157 
spectroscopic properties: 
582 
singly-ionized, 584 
symbols, 117 
thermal conduetivity, 138 
thermal expansion: crystals, 145 
eubical, 148 
linear, 145 
vapor pressure, 362, 363 
Emíf (thermal), alloys vs. lead, 379 
alloys vs. platinum, 381 
aluminum vs. platinum, 376 
batteries, 377 
cadmium vs. platinum, 383 
low temperature, 381 
metals, in solution of salts, 378 
vs. platinum, 381 
vs. silver alloys, 381 
vs. zine solutions, 377 
nickel, vs. copper, 381 
vs. platinum, 389 
platinum-rhodium vs. platinum, 381, 387 
vs. lead, 379 
zinc vs. platinum, 390 
Emissivity, 8, 98 
spectral, 8, 98 
alloys, 99 
correction to brightness temperature, 99 
liquids, 98 
materials, 98 
metals and oxides, 101 
at melting point, 98 
out-gassed, 99 
molybdenum, 103 
solids, 100, 101, 102 
tantalum, 103 
tungsten, 99, 102 
total: glass, 100 
matertals, 100 
metals, 101 
at low temperatures, 101 


neutral atoms, 


oxides, 101 
relative, 100 
Emu, 20 


Energy, 5, 17, 21 
blackbody radiation, 79, 85, 96 
bond, 633 
conversion factors, 20, 21 
cosmic ray, 712 
dissipation in cycle (magnetism), 460 
electron-volt, 49 
levels, 581 
losses, magnetic, 459, 460 
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Energy—continued 
radiant, 9, 79 
radiated by a number of radioactive ma- 
terials, 689 
temperature for 1 ev, 55 
transformer steel (losses), 459 
units, 21, 653, 618 
conversion factors, 21, 618 
Enthalpy, 8, 270 
Entropy, 8, 270 
Equation of time, 728 
Erg, 5 
Erichsen value, 187 
Error, probable, 37 
Esu/emu, 48 
Ether, volume-pressure, 283 
Ethylene, 265 
Ettinghausen effect, 507 
Eutectic mixtures, 130 
Ev, 618, 653 
Evaporation of metals, 363 
formulas, 363 
constants (various metals), 364 
rate of, 363 
Expansion (thermal), 145 
cubical, 148 
linear, 145 
Experimental data (see also under Data), 
- 87-40 
Explosives, 183 
analysis, 184 
chemical properties, 184 
ignition temperatures, 183, 634 
physical properties, 184 
pressures, 634 
time of heating, 183 
Exponential formulas for mass absorption 
values, elements, 694 
Exponential functions, 43 
Exposure, photographic, 562 
Eye: as measnring instrument for radia- 
tion, 87 
blind spot, 90 
contrast sensibility, 89 
diameter of pupil, 90 
and flux density, 90 
distribution coefficients, 91 
glare sensibility, 89 
I.C.I. standard observer, 90, 91 
distribution coefficients, 91 
instantaneous thresholds, 88 
luminosity factors, 87 
and brightness, 88 
macula lutea, 90 
minimum energy to produce sensation, 89 
miscellaneous data, 90 
physical properties, 90 
Purkinge effect, 87 
rate of adaptation, 89 
relative luminosity factors, 87 
various brightnesses, 87, 88, 89 
sensitivity, 87, 89 
standard observer, 90 
distribution coefficients, 91 
thresholds, 88 
various field brightness, 88 
vision, persistence of, 90 
visual range for white light, 92 
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Factorials, 26 
log of, 26 
Factors, conversion (see Conversion factors) 
Fahrenheit temperature scale, 8 
conversion to Centigrade, inside front 
cover 
Farad, 20 
Faraday, 47, 51, 54 
constant, 47, 54 
Fathom, 62 
Ferromagnetic substances, 451 
Fibers: 
artificial, 243 
acetate, 244 
glass, 244 
nylon, 244 
polyethylene, 244 
quartz, 534 
rayon, 243 
resin, 243 
characteristics, 242 
miseellaneous, 244 
natural, 242 
cotton, 242 
flax, 242 
hemp, 242 
jute, 242 
linen, 242 
ramie, 242 
silk, 242 
spider, 242 
wool, 242 
properties of, 241, 243 
rope, 245 
various kinds, 245 
Filaments, incandeseent, heat loss from, 116 
temperature, 102, 116 
Filters (see also Color, screens), for obtain- 
ing monochromatic x-rays, 696 
light, 537 
narrow speetrum region. 536 
Fine structure eonstant, 49, 51, 54 
First radiation eonstant, 80 
units, 80 
Fission, 653, 706 
binding energy, 707 
cause, 706 
critical energy for, 707 
eross section of fissionable nuclei for neu- 
trons, 708 
eross section of fission produets for 
thermal neutrons, 708 
data, 706 
elements, 706 
energy, 706 
critical, 707 
released by, 707 
examples, 706 
neutron-binding energy of 
eleus, 707 
produced, 706 
elements. 706 
produets of long life, 708 
spontaneous, half-life, 707 
thresholds (Mev), 706 
Fixed points, temperature scale, primary, 71 
secondary, 72 


divided nu- 
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Flame temperatures, 179, 182, 183 
Flash lamps, 110 
Flash tubes, 111 
Fluidity, 5, 318 
Fluorescent lamps, characteristies of, 110 
Fluoreseent powders, characteristics of, 107 
Fluorite, 515, 520 
Flux (see under type of), 93 
Foot-candle, 93 
Foot-lambert, 93 
Foot-pound, 5, 21 
Foot-poundal, 5 
Force, 5 
magnetic, 18 
Formulas (see under name of) 
Fourier, 144 
Fraunhofer lines, wavelengths, 577 
Freezing mixtures, 134 
anti, for radiators, 135 
Freezing point, lowered by various salts in 
solution, 131 
water-pressure effect, 118 
Fresnel formula, reflection of light, 549 
Friction, different materials, 336 
interior, at low temperatures, 227 
Frictional eleetrie series, 375 
Fuels (see also under Combustion), 180 
coal, 181 
analysis, 181 
gas, 182 
gravity, 182 
heat values, 180 
liquid, 181 
gravity, 181 
petroleum, 182 
density, 182 
woods, 181 
analysis. 181 
Fundamental particles, 664 
alpha-particles, 664 
deuteron, 664 
electron, 664 
negatron. 664 
positron, 664 
meson. u (charge +, —), 664 
m (charge +, —, 0), 664 
neutrino, 664 
neutron, 664 
photon, 664 
proton, 664 
Fundamental standards, 1, 13 
maintenance of, 14 
primary, 13 
qualities of, 13, 14 
secondary, 13, 14 
selection of, 1, 2 
standards of, international temperature 
scale, 14, 70 
length, 14 
mass, 14 
temperature, 14 
Celsius seale (Centigrade), 14 
Fahrenheit, 8 
Kelvin scale, 9 
Reaumur, 9 
thermodynamic, 9 
time, 14 
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Fundamental units (see under Units) Gas, kinetic theory— continued 


Fusion, latent heats of, 157 
alloys, 165 
metals, 165 
substances, various, 165 


Gage pressure to atmospheres, 267 
Gages, wire, 405 
Gal, 5 
Galvanometric effects (see under Magnetic) 
Gamma (photography), 562 
Gamma infinity (photography), 562 
Gamma-rays, 653, 686-688 
absorption, mass, 687 
characteristics of, 672, 687, 688 
energy, of artificial radioactive isotopes, 
low atomie weight, 687 
of heavy isotopes, 686 
artificial, 686 
natural, 686 
to produce ion pair, 711 
lonization energy, 672 
mass absorption, 687 
various elements, 687 
spectrum, radioactive breakdowns, 686 
Thorium “С,” 686 
total mass absorption coefficient, 687 
Gas, absorption by liquids, 360 
abundance, cosmic, 626 
combustion values, 182 
compressibility (various gases and va- 
pors), 264 
low temperature, 264 
under high pressure, 267 
conduction of heat by, 115 
conductivity, thermal, 142 
constant, 49, 259 
convection of heat by, 115 
eritical points, 276 
definition of laws, 259 
densities, 163 
critical, 276 
dielectric constant, 423 
liquefied gases, 426 
nonpolar, 436 
variation, with pressure, 424 
with temperature, 424 
diffusion cqefficient, 356, 644 
neutral gases, 644 
energy, 259 
fuels, 182 
heat, absorption, 633 
capacity, 164 
combustion, 182 
helium, 260, 261 
hydrogen, 260, 261, 268 
ideal gas state, 638 
ideal, 261 
in interstellar space, 629 
inert, atomic volume, 646 
infrared transmission, 546 
ions (see also Tons), diffusion coefficient, 
644 
Joule-Thompson effect, 278 
kinetie theory, 638 


discussion, 638 
incidences, ratios of, 640 
mass, 640 
mean free path, 641 
molecular, 640 
diameters, 638 
energies, 639 
mass, 640 
mean free path, 638 
number, 638 
velocities, 639, 640 
average, 639 
distribution law, 639 
pressure, units, 638 
laws, 259 
simple, 259 
value of R, 259 
different conditions, 259 
units, 259 

long-wavelength absorption, 532 

mean free path, 641 

mixtures, 259 

ignition temperature, 186 

mobility, of positive ions, 644 

of singly charged ions, 645 

mol, 6, 259 

molecules: 

- diameters, 638, 644 
attractive spheres, 644 
Bragg, 645 

number per cm?, 638 
velocities, 639 
neon, 262, 264 
perfect, 261 
volume, 47, 54 
pressure, 268 
critical, 276 
high, 260 
temperature, 263 
Van der Waal’s equation, 261 
constants, 262 
volume, 261 
with vapors, 260 
properties, 259 
saturated, 263 
correcting factor, 263 

temperature, critical, 276 

thermal expansion, 154 

thermal properties, 259 

Van der Waal's equation, 261 

constants of (imperfect gases), 262 

velocity of sound in, 306 

Verdet’s constant, 506 

viscosity, 331, 642 

liquefied gases, 329 
volume: 
conversion, 259, 260 
factor (Z), 260 
correction factor, 260 
saturated gas, 263 
ideal gas, 47, 54 
inert gas atoms, 646 
pressure relations, 263. 265 
relative with pressure, 263-267 
weight, 259 


calculations, 638-642 Gasoline, density, 322 


collision frequencies, 641 


viscosity, 322 
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Gauss, 18 
Gaussian system of units, 15 
Gem lamps, color temperature, 104 
General physical constants, 46 
discussion of, 46 
tables according to Bearden and Watts, 54 
Birge, 47 
Du Mond and Cohen, 51 
Gencral precession, 738 
Geographical data (see also under Astron- 
оту апа Oceanography), 728, 772 
Geologic strata, ages, 74] 
Geomagnetism, 468 
coordinates, 468 
north magnetic pole, 470 
position on earth, 493 
south magnetic pole, 471 
earth, as a dipole, 469 
geomagnetic coordinates of position, 493 
magnetic— 
axis, 502 
characteristics, 502 
data, 502 
dip in U.S.A., 471 
disinclination, hourly departure from 
normal, 477, 478 
isogonic, 472 
secular change in U.S.A., 479 
field, elements of, 468 
horizontal intensity 
474 
inclination (isoclinic), 473 
intensity, horizontal, U.S.A., 478 
total, U.S.A., 480 
vertical, U.S.A., 479, 480 
moment, 470 
pole (earth), 470, 471 
potential, Gauss coefficients, 470 
spherical harmonic coefficients, 470 
surveys, 469 
United States, dip or inclination, 471 
horizontal magnetic intensity, 478 
secular change of dip, 471 
secular change of horizontal in- 
tensity, 479 
secular change of magnetic declina- 


(isodynamic), 


tion, 478 

secular change of total intensity, 
480 

secular change of vertical intensity, 
480 


total magnetic intensity, 480 
vertical magnetic intensity, 479 
values of magnetic elements at ob- 
servatories, 481 
variations, 469 
world isoclinic lines, 473 
world isodynamie lines, 474 
horizontal intensity, 474 
total intensity. 476 
vertical intensity, 475 
world isogonic lines, 472 
sun, magnetic data, 502 
Geometrical units. 4 
definitions, 3-4 
Geophysical data, 739-741 
Giga, 5 
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Gilbert, 18, 22 
Glass, compressibility, 289 
emissivity at low temperatures, 100 
optical, 509 
characteristics, American made, 509 
foreign made, 514 
National Bureau of Standards, 510 
coefficient of expansion, 529 
index of refraction, 509 
change with temperature, 513 
nu values, 509 
temperature, 513 
physical properties, special glasses, 534 
specific gravity, 529 
stain class, 529 
physical properties, 529 
transmission, 512, 514, 535 
red pyrometer, effective wavelength, 537 
transmission, 537 
reflection, Fresnel formula, 549 
resistivity, 396 
special, physical properties, 534 
stain, 529 
expansion, 529 
specific gravity, 529 
vessels, volume, 68 
viscosity, 330 
Glycerol-water, 321 
Gram, 5 
Gram-centimeter, 5, 21 
Gram-mass, 21 
Gram-molecule, 5 
Gravitation, 714 
acceleration of gravity at different lati- 
tudes, 7124 
free-air correction for altitude, 714 
log, 714 
United States, 716 
various world stations, 715 
anomalous gravity, some places of, 718 
constant, 5, 47 
length of seconds pendulum, 717 
Gravity, specific, 5 
unit, 5, 729 
API scale, 290 
specific, Baumé scale, 289 
Graybody, 8 
Gunter’s chain, length, 62 
Gyration, radius of, 27 


h. 653 
k or k, 653 
H-ray, 653 


Hall constant, 507 
variation with temperature, 508 
Hall effect, 451 
Hardness, 187, 227 
Brinell, 187 
relative, of elements, 228 
of plastics, 239 
of various materials, 228 
Poisson’s ratio, 227 
scale of, 227 
Shore scleroscope, 188 
Hearing (see also Sound), differential sensi- 
tivity, 314 
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Hearing—continued 


distribution of hearing losses (popula- 
tion), 315 
sensitivity of the ear, 314 
Heat, 7 


atomic, 160 
of elements, 160 
capacity, gases, 163 
materials, various, 157 
vapors, 163 
combustion (see also Combustion, heats 
of), 179 
conduction, across air spaces, 114 
at high temperatures (gases), 115 
content, ammonia, 162 
steam, 169 
convection in air, 114 
at high temperature, 115 
definitions, 7 
dilution of H:SO,, 186 
dimensional formulas, 2, 57, 58, 59 
entropy, 8 
steam, 169 
flow, 136 
conversion factors of units, 136 
different gradients, 137 
formation, compounds, 185 
ions, 186 
index, 730 
latent, 165 
formula for, 167 
fusion, 165 
elements, 165 
materials, various, 165 
steam, 175 
vaporization, 166 
elements, 166 
liquids, 166 
formulas, 167 
loss, effect of pressure, 113 
from incandescent filaments, 116 
from platinum wires, 116 
mechanical equivalent, 8 
neutralization, 186 
Peltier, 383 
radioactive materials, 689, 691 
specific, 155 
elements, 155 
gases, 163 
liquids, 161 
mercury, 16] 
solids, 159 
vapors, 163 
water, 16] 
Thomson, 383 
units, 7, 8 
values, fuels, 181 
Hefner unit, 92 
Height, determination by barometer, 613 
Helium: 
abundance, early type stars, 628 
nebulae, 629 
sun’s atmosphere, 627 
universe, 625 
atomic numbers, 620 
atomic weights, 47, 619 
boiling point, 117 
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Helium—continued 
compressibility, 264 
high pressure, 267 
conductivity, thermal, 142 
density, 269, 291 
critical, 276 
dielectric constant, 436 
electric dipole moment, 441 
electron configuration, 582 
expansion, thermal, 154 
heat, latent, 166 
heat capacity, 163 
index of refraction, 533 
ionization, energy for production of ion 
pair, 711 
isotopes, 655 
Joule-Thomson effect. 278 
magnetic susceptibility, 462 
melting point, 117 
molecular data, 640 
diameter, 644 
velocities, 640 
molecules, number of, 645 
percent їп air, 592 
physical properties, 189 
pressure, critical, 276 
resistivity, thermal, 144 
, Rydberg constant, 48, 51, 54 
temperature, critical, 276 
Van der Waal's constant, 261, 262 
vapor pressure, 360 
velocity of sound in, 306 
viscosity, 331 
volume conversions, 260 
relative, 261 
Henry, 17, 20 
Heusler magnetic alloys. 451, 458 
High-energy particles, 657 
Horizon, 730 
dip, 729 
Horsepower, 5 
Horsepower-hour, 5, 21 
Human body, electrical resistance of, 375 
Humidity, 596 
and density, 597 
relative, and vapor pressure, 602, 604 
water-vapor pressure, 605 
at sea level, 605 
wet- and dry-bulb thermometer, 602, 604 
Hydrocarbons, physical properties (light), 
293 
viscosity, 329 
Hydrogen: 
abundance, 625 
early type stars, 628 
earth, 625 
interstellar space, 629 
meteorites, 626 
nebulae, 629 
sun, 626, 627 
universe, 625 
atomic number, 620 
atomic weight, 619 
Bohr atom, 579, 622 
boiling point, 117 
charge on one gram, 49 
combustion constant, 179 
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Hydrogen—continued 
compressibility, 264 
factor, 264 
high pressure, 267 
low temperature, 264 
evcle, 666 
De Broglie wavelength, 665 
density, 276, 291 
critical, 276 
dielectric constant, 423 
doublet separation, 55 
electrie dipole moment, 441 
electron configuration, 582, 584 
heat, latent, 166 
heat capacity, 163 
heavy, 54, 653, 655 
index of refraction, 533 
ions, diffusion coefficient, 644 
ionization energy necessary for produc- 
tion of ion pair, 711 
ionizing potential, 53 
mobility, 644 
isotopes, 655 
deuteron, 653 
triton, 654 
long-wave absorption, 552 
magnetic susceptibility, 462 
mass, 50 
relative to mass of proton, 50 
mass absorption coefficient, 704 
melting point, 117 
molecular, properties of, 268 
molecules, diameter, 642, 643 
mass, 640 
mean free path, 642 
number of, 645 
rate of incidence, 640 
velocity, 640 
percent in air, 592 
physical properties, 189 
pressure, critical, 276 
radii of electronic orbit, 624 
Rydberg constant, 48, 54 
Schrédinger constant, 51, 54 
temperature, critical, 276 
thermal conductivity, 142 
thermal properties, 268 
thermal resistivity, 144 
Van der Waal's constant, 261, 262 
velocity of sound in, 306 
viscosity, 642 
volume, relative, 261, 264 
with pressure, 267 
Hydrolysis, ammonium acetate, 399 
Hysteresis, 451 
losses, Steinmetz constant, 460 


Ice crystals, modifications of, 119 

Ice point, 47, 71 
effect of pressure, 119 

Iceland spar, 521, 545 

I.C.I. standard observer, 90 
distribution coefficients, 91 

Ignition temperature: dusts in air, 634 
gas mixtures, 186 

Illuminants (see also Lamps): 

104 

brightness temperature, 104 


brightness, 
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Illuminants—continued 
color temperature, 104 
photographie efficiency, 565 
Illumination, 93 
expressions, 93 
on surface, 93 
symbols, 94 
units, relative magnitudes, 91 
conversion factors, 91, 94 
Impulse generator, 657 
Ineandescent filaments, heat losses, 116 
Incandescent lamps (see also Lamps): efh- 
ciency of, 1878 to date, 105 
efficiency of tungsten, 106 
minature, 107 
photoflash, 110 
sealed-beam, 108 
temperature of tungsten, 106 
Inclination: magnetic (see also under Geo- 
magnetism), 471 
moon’s orbit, 735 
Index of refraction: 
alums, 52] 
crystals, 515, 529 
artificial, 515 
fats, 525, 530 
fluorite, 520 
calcium, 520 
lithium, 521 
gases, 533 
liquefied, 525 
glasses: change with temperature, 513, 
520 
foreign-made, 513 
nonsilica, 512 
Iceland spar, 521, 545 
isotropic materials, 522 
monorefringent, 522 
liquefied gases, 525 
liquids, 530 
relative to air, 530 
lithium fluoride, 521 
media for determination with microscope, 
561 
minerals, biaxial, 526 
monorefringent, 522 
uniaxial, 524 
nitroso-dimethyl-aniline, 519 
oils, 525 
plastics, 240 
potassium bromide, 519 
potassium chloride, 519 
formula, 519 
potassium iodide, 516 
quartz, 518 
reflection vs. 549 
rock salt, 518 
formulas, 518 
silver chloride, 520 
silvite, 519 
solutions, acids, relative to air, 531 
salts, relative to air, 531 
thallium bromide-iodide, 516 
vapors, 533 
waxes, 525 
Inductance (electrical), 17 
mutual, 13 


air, 532 
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Inductance—continued 
self-, 13 
standards, 17 

Inertia: moment of, 27 
photography, 562 

Infrared reflectivity: 
tungsten, 555 

Infrared transmission, 545 
air, moist, 546 
erystals, 545 
gases, 547 
solids, 547 
various substances, 546-547 

Inorganie eompounds: boiling point, 120 
density, 120 
melting point, 120 
solubility, 357 

and temperature, 357 
Insulating materials: electrical properties, 
429 
values: of diclectric constant, 429 
of power factor, 433 
Integrals, 23 
Intensity: magnetic (see also under Geo- 
magnetism), 478 
of magnetization, 12 

Interior friction at low temperatures, 227 

International date line, 729 

International electrical units, 16 

Interstellar gases, 629 

Interstellar matter, 629 

Interstellar temperature, 763 

Inverse square law (photometric), disk or 
source, 95 

Ionic crystals, lattice spacings, 647 

Ionic equilibrium, atmospheric, 615 

Tonic radii, 648 

Ionization: energy, production of ion pair, 

711 
gamma rays, 711 
potentials. elements, 582 
neutral, 582 
singly ionized, 584 
water, 399 

Ions: equilibrium in atmosphere, 615 
equivalent conductivity, 399 
gaseous, diffusion coefhcient, 644 

mobility, positive, 644 
singly charged, 645 
heat of formation, 186 
mobility, in noble gases, 644 
of singly charged, 645 
positive, mobilities, 644 

Iron: are lines, 571 

magnetie properties, 452-456 
cast, in intense fields, 464 
in very weak fields, 452 
soft, 458 

mechanical properties, 209 

permeability, 458 

resistivity, 384 

spectral lines, 571 

Irradiancy, 79 

Isobar, 653 

Isomer, 654 

Isotope, 654-655 
abundance, relative, 655 


solids, 548 
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Isotope—continued 
atomic weight, 658 
characteristics, 655, 658 
gamma-ray energy, 686, 687 
lead, 679 
life, 667 
magnetic moment, 658 
masses, 658 
nuclear magnetron, 662 
number, 655 
pile yields of, 670 
quadrupole moment, 658 
radioactivity: artificial, 655 
natural, 655 
number, 655, 658 
spin, 658 
table of, 655, 658 


Jena glasses, 513 
Joule, 5, 20 
Joule's equivalent, 8, 47 
Joule-Thomson effect, 278 
air, 278 
argon, 279 
carbon dioxide, 280 
helium, 278 
mixtures, of helium and argon, 280 
of helium and nitrogen, 281 
nitrogen, 279 
Jnlian day: calendar, 733 
number (days), 733 
period, 730 
Jupiter, 734 


K. Boltzmann constant, 49, 52, 54 
K-wavelength series (see also 
X-rays), 697 
Kelvin temperature scale, 9, 14 
Kerosene: density, 295 
dielectric constant, 425 
dielectric strength, 422 
discharge in, 422 
viscosity, 322 
Kerr constant, 507 
Kerr effect, dispersion, 504, 508 
Kilodyne, 5 
Kilowatt-hour, 21 
Kinematic viscosity, 318 
Kinetic energy, 6 
Kinetic theory, 638 
mercury vapor: mean free paths, 638 
molecular diameters, 638 
molecular constants, 640 
molecular diameters, 638, 642 
molecular distribution laws, 639 
molecular energies, 639 
molecular velocities, 639, 640 
molecules: 
gases: mean free path, 638 
molecular diameters, 638 
viscosity, 642 
masses, 640 
mean free path, 641 
number of, 638 
pressure, 638 
rate of evaporation, 639 


under 
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rate of incidence, 639, 640 
velocities, 640 
Kundt's constant, 506 


L series (see also under X-rays), 696 
Lambert, 93 
Lamps (see also Illuminants): 
ares, carbon, 105 
mercury, 109 
automobile, 107 
carbon, 105 
carbon ares, 105 
coiled-coil, 106 
color of light, 111 
CX, 106 
early (incandescent), 105 
efficiencies, 105 
filaments, coiled-coil, 106 
temperature, 106 
flash tube, 111 
fluorescent, 110 
gem, 105 
incandescent (see Incandescent lamps) 
large, 106 
mercury ares, 109 
miniature, 107 
photoflash, 110 
photoflood, 106 
photographic, 106 
projection, 106 
sealed-beam (all glass), 108 
small, 107 
street series, 106 
tungsten, 106 
characteristics, 106 
efficiency, 1968-1948, 106 
temperature, 106 
different types, 106 
efficiency, 106 
various, 106 
Langley, 9 
Latent heat, 9, 165 
fusion, 615 
alloys, 165 
beeswax, 165 
ice, 165, 167 
metals, 165 
vaporization, 167 
ammonia, 167 
liquid, 167 
elements, 165 
formulas, 167 
liquids, 166 
metals, 165, 366 
substances, various, 165 
total heat, 167 
Latitude variation, 730 
Lead: age ratios, radioactive materials, 679 
atomic weight, 619 
common, isotope variation, 679 
isotopes, 657, 662 
coniposition, locality, 679 
protective thickness, X-rays, 693, 695 
materials relative to, 694 
Least squares solutions, 37-44 
tables for, 40-47 
Leather: diffusion constant, 232 
density, 233 
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Leather—continued 
elongation, 232 
physical properties and humidity, 232, 233 
tensile strength, 232 
thermal conductivity, 233 
thermal expansion 
cubic, 233 
types of, 232 
Leduc effect, 507 
Length, unit of, standard, 14, 60 
Light: color, various sources, 104 
defined, 87 ` 
definitions, 93 
filters, red pyrometer glass, 537 
mechanical equivalent, 93 
minimum, 93 
minimum energy for, 89 
polarization, rotation plane, 557 
quantity, 94 
reflected, 549 
scattering of, 3 
sources and source materials, 102, 103 
cliaracteristies, 102, 103 
standards of intensity, 92, 94 
symbols, 94 
transmission through space, 771 
velocity, 47, 51, 54, 80 
visual range of white, 92 
white, 96 
year, 731 
Lightning, 614 
channel, 614 
diameter, 614 
constants, 614 
current, 614 
data, 614 
peaks, 614 
interval between, 614 
polarity, 614 
potential, 614 
cloud, 614 
gradient, air, 614 
beneath cloud, 614 
quantity of electricity discharged, 614 
single current peak, 614 
total stroke, 614 
strokes: 
cloud to ground, 614 
polarity, 614 
potential gradient, 614 
energy, 614 
number strokes per mile?, 614 
number strokes per year, 614 
thunder, 614 
velocity, 614 
Light-year, 730 
Lime-alumina-silica compounds, 130 
eutectic mixture, 130 
melting point, 130 
transformation, 130 
Linear acceleration, 6 
Linear accelerator, 657 
Linear expansion: alloys, 149 
elements, 145 
materials, various, 152 
Linear measurements, 62 
Linear units, 62, 509 
wavelength, 509 


INDEX 


Liquids: absorption of gases by, 360 
combustion, heats of, 181 
compressibility, 282 
conductivity, thermal, 143 
contact difference of potential, 376 
cubical expansion, thermal, 153 
density, 295 
dielectric constant, 424, 425 

pressure effect, 424 
temperature coefficient, 426 
expansion, thermal, 153 
fuels, 181 
index of refraction, 530 
latent heat of evaporization, 166 
magnetic susceptibility, 462 
media for determining refractive indices 
with microscope, 561 
melting temperatures, 118 
vs. pressure, 118 
noninflammable, for cryostat, 183 
organic: spreading coefficient, 633 
vapor pressure, 368 
viscosity, 323 
potential difference vs. other materials, 
376 
specific heat, 161 
surface tension, 361 
thermal conductivity, 143 
thermal expansion, 153 
vapor pressure, 371 
velocity of sound in, 307 
Verdet's constant, 505 
viscosity, 319-328 
pressure effect, 333 

Liter, 6, 47, 61 

Liter-atm, 21 

Lithium fluoride, index refraction, 515, 520, 
521 

Logarithms, 28-31 

Loschmidt number, 6, 49, 51, 54 

Lubricants, 335 
for cutting tools, 335 

Lumen, 93 

Luminosity, 93 
factors, 87, 93 
field brightnesses, 88 

Luminous efficiency, 93 

Luminous flux, 93 

Luminous intensity, 93 
spectral, 95 

Lunar craters, 736 
inequalities, 730 

Lunar node, 730 

Lunar orbits, 735 

Lunar parallax, 730 

Lunar parigee, 730 

Lunar solar precession, 730 

Lux, 93 


M series (see also under X-rays), 696 
Mach number, 337 
Magnet, permanent, 454 
Magnetic (see also Magnetism)— 
data, earth, 470, 502 
sun, 502 
definitions, 451 
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Magnetic—continued 
effects (galvanometric), 451 
Ettinghausen, 451, 507 
Hall, 451, 508 
temperature, 508 
hysteresis, 451 
Joule, 451 
Ladue, 451, 507 
Nernst, 451, 507 
Villari, 451 
Weidemann, 451 
field strength (intensity), 12, 451 
flux, 12, 451 
Maxwell, 18, 451 
force, 12, 451 
hysteresis, 451 
energy lost, 451, 460 
Steinmetz constant, 460 
induction, 12, 17, 451 
intensity, 12, 18, 451 
moment, 12, 451 
permeability, 451 
and temperature, 457, 458 
iron, 453 
steel, 458, 459 
pole strength, 12 
unit pole, 10, 451 
poles, of earth (see also under Geomag- 
netism), 470, 471 
potential, 12 
properties of materials: 
alloys, 455 
alnico, 454, 455 
comal, 455 
Heusler, 458 
nickel-iron, 457 
nonmagnetic, 458 
permalloy, 453 
permanent magnet, 454 
composition, 454 
atomic susceptibility, 451 
basie equations, 451 
cobalt, 457 
composition, 453 
correction to ring specimens, 464 
demagnetization factor for rods, 467 
dissipation of energy, 460 
Steinmetz constant, 460 
earth (see under Geomagnetism), 470, 
502 
electrical sheets, 456 
energy loss, 460 
high permeability, 453 
iron, 452, 457, 458, 464, 465 
annealed, 452 
cast, 464 
composition, 465 
intense field, 464 
soft, 452, 458 
temperature, 461 
very pure, 452, 453 
weak fields, 452 
magnetite, 457 
metals, 457 
nickel-iron alloy, 457 
temperature, 457 
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Magnetic—continued 
sheets (electrical), 456 
core losses, 456 
steel, 456 
carbon, 454 
composition, 465 
electrical sheets, 456 
permeability, 458 
sheets, 156 
temperature, 459, 461 
transformer, 459 
core loss (ac), 456 
energy loss, 459 
tungsten steel, 454 
reluctance, 12 
susceptibility, 13, 18 
atomic, 451 
materials, 462 
molecular, 451 
specific, 451 
temperature effects, 461 
units, 16, 18 
Gauss, 18 
Gilbert, 18 
Maxwell, 18 
Oersted, 18 
pole, 451 
Magnetism (see also Magnetic): Curie con- 
stant, 461 
definitions, 18, 451 
demagnetization factor for rods, 467 
diamagnetic substances, 451, 461 
susceptibility vs. temperature, 461 
dissipation of energy, 460 
energy losses, 460 
ferromagnetic substances, 451 
hysteresis, 451, 460 
Steinmetz constant, 460 
magnetic substances, 451 
moment, 451 
paramagnetic substances, 451, 461 
susceptibility vs. temperature, 461 
quantity of, 12 
and resistance (see Resistance), 463, 
465 
resistance effects: bismuth, 463 
nickel, 463 
various metals, 463 
Steinmetz constant, 460 
susceptibility, 462 
vs. temperature, 461 
terrestrial (see under Geomagnetism), 468 
Magnetization intensity, 12. 18 
energy loss, various materials, 460 
specific: atomic, 451 
molecular. 451 
Steinmetz constant, 460 
Magnetizing force, 12, 451 
Magnetomotive force, 12, 18 
Magneton, Bohr, 49, 54, 654 
Magneto-optic rotation, 503 
definitions, 503 
Faraday effect, 503 
Verdet constant (see also Verdet con- 
stant), 504 
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Magneto-strictive effects: Joule, 451 
Villari, 451 
Weidemann, 451 
Magnets, permanent, 454 
Magnitudes (stellar): absolute, 730 
bolometric, 759 
Mass: electron, 50 
H!, 50 
H! to electron, 50 
neutron, 654, 664 
rest, 654 | 
standard, 14, 16 
units of, 14 
Mass-energy ratio, 654 
Mass-velocity ratio, 654 
Mathematical tables: constants, 25 
derivatives, 23 
exponentials, 43 
factorials, 26 
log of, 26 
formulas: moment of inertia, 27 
radius of gyration, 27 
weights, 27 
integrals, 23 
least squares, 42-45 
logarithms, 28-31 
moment of inertia, 27 
radius of gyration, 27 
series, 24 
trigonometric functions, 31-36 
weights, 27 
Maximum velocity, 654 
Maxwell, 18, 451 
Mean free path, 641 
Measurements (see also Data): definitions, 4 
derived, 2 
two factors, 1 
units, 1, 2 
choice of, 1 
Mechanical equivalent: 
heat, 8 
light, 93, 94, 96 
Mechanical properties 
properties), 187 
allovs, miscellaneous, 217 
special purpose, 220 
aluminum, 192 
Babbitt metal, 226 
brass, 195 
bronze, 195 
building materials (see also under Build- 
ing materials), 229 
carboloy, 224 
concrete (see also 
terials), 229 
copper (see also Wire), 198 
alloys. 198 
wire, 208 
hard-drawn, 208 
soft, 208 
definitions, 187 
elements, 189 
fibers (see also under Fibers), 241 
artificial, 243 
miscellaneous, 244 


definition, 8, 93 


(see also Physical 


under Building ma- 


Mechanical properties—continued 
natural, 242 
quartz, 534 
ropes, 245 
iron, 209 
leather (see also Leathers) 


masonic mortars (see also under Building 


materials), 229 
plastics, 239 
ropes, 245 
special-purpose alloys, 220 
steel, 209 
wire, 215 
experimental value, 216 
plow, 215 
rope, 215 
tungsten, 225 
white metal (Babbitt), 226 
woods, hard, 246 
soft, 254 
zinc, 225 
Mechanical units, 4, 187 
Megabarye, 6 
Melting point: alcohol vs. pressure, 118 
argon, with pressure, 117, 118 
compounds, inorganic, 120 
organic, 122 
effect of pressure, 119 
elements, 117 
inorganic compounts, 120 
lime-alumina-siliea compounds, 130 
liquids, as a function of pressure, 118 
low-melting-point alloys, 125, 225 
metals, mixtures, 125 
pressure, 119 
nitrogen, with pressure, 118 
organic compounds, 122 
salts in solution, 131 
standard, 8, 14, 70, 71, 72, 117 
secondary, 725 
water, 119 
vs. pressure, 118, 119 
Melting temperatures: elements, 117 
eutectic mixtures, 130 
lime-alumina-silica compounds, 130 
metals, 72 
standard, 8, 14 
Meniscus, volume of mercury, 606 


Mercury 
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continued 
evaporation, 365 
expansion, cubical, 153 
linear, 147 
freezing point, 72 
heat: content, 177 
latent fusion, 165 
vaporization, 166 
of formation of ions, 186 
specific, 156, 160, 161 
isotopes, 657 
magnetic susceptibility, 462 
mean free path, 638 
melting point, 72, 119 
effect of pressure, 119 
meniscus, volume, 606 
molecular diameter, 638 
optical constants, 560 
planet, 734 
physical properties, 177 
pressure, columns, 606 
resistance, 389 
resistivity, 385 
pressure effect, 389 
specific gravity, 48 
specific heat, 161 
and temperature, 161 
surface tension, 362 
at solidifying point, 362 
temperature of equilibrium with vapor, 72 
thermal conductivity, 138 
thermal emf, 378 
thermal properties, 177 
thermal resistivity, 144 
thermometers: corrections, 73 
stem, 73 
vapor: mean free path, 638 
molecular diameter, 638 
pressure at low temperature, 369 
pressure vs. temperature, 372 
properties of, 177 
velocity of sound in, 307 
viscosity, 328, 331. 332 
effect of pressure, 334 
volume, 299 
and temperature, 299 
of glass vessel from weight of Hg, 68 
wavelength, Hg'™, 568 





Mercury: Meson, 654, 664 
ares, characteristics, 109 Mesotron, 654 
types, 109 Metals: boiling points, 119 


atomic: heat, 160 

radius, 643 

volume, 160 

weight, 619 
boiling point, 117 

pressure, 119 
compressibility, 282 
conductivity, super, 394 
critical points, 276 
density, 48, 177, 299 

and volume, 299 
diffusivity, 143 
electrochemical equivalents, 403 
electron configuration, 582, 583, 622 
entropy, 177 


compressibility, 285, 286 
crystal structure, 648 
diffusion of, into metals, 356 
electrical conductivity, 384, 390 
emf vs. platinum, 376, 381 
emmissivities, 98 
evaporation, 363-367 

equations for, 363 

constants, 363 

rate of, 363 
friction, interior, 227 
interatomic distances, 648 
magnetic properties, 453, 457-461 
melting temperature of mixtures, 125 
molten, viscosity, 327 
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Metals—continued 
optical constants, 558 
reflecting factor, 558-560 
resistance, with pressure, 388, 389 
effect of tension on, 387 
temperature, high and low, 393 
resistivity, 384 
rigidity, 226 
v8. temperature, 227 
superconductivity, 394 
thermal conductivity, 138 
vapor pressure, 363 
variation of volume with pressure, 286 
Meteorology (see also Air and Atmosphere), 
592 
Meteors, composition, 626 
Meter, 6, 61 
candle, 93 
Metric slug, 337 
Metric system: conversion to British Im- 
perial, 64, 66 
conversion to U. S., 61 
prefixes, 782, 783 
values in British Imperial, 64 
Mev, 21 
Micro-, 6, 782 
Micron, 6, 63 
Microscope, media for determination of re- 
fractive index, 561 
Mil, 6, 63 
Mile, 6, 62 
nautical, 62 
statute, 6, 62 
Milky Way, 746 
pole, 731 
Milli-, 6 
Millilambert, 93 
Milliphot, 93 
Minerals: density, 294 
dielectric constant, 428 
electrical resistivity, 395 
index of refraction 
biaxial, 526 
monoretringent, 522 
uniaxial, 523 
rock-forming, bulk moduli, 740 
specific heat, 162 
MKS system of units, 15 
Mobility of ions, 644, 645 
Modulus of elasticity, 6, 189 
Modulus of rupture, 188 
Mol (mole), 6 
Molecular constants of diatomic molecules, 
586 
energy, 586 
conversion factors, 618 
dissociation, 586, 587 
electronic, 586 
rotational, 586 
states, 587 
characterized, 586 
designated, 586 
electronic, 586 
for ground state, 587 
intermolecular distances, 586 
equilibrium position, 587 
moment of inertia, 586 
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Molecule, 618, 654 
diameter, 638, 642, 644, 645 
diatomic, 586 
constants, 587 
ground state, 586, 587 
dimensions, 631, 644 
evaporation, 639 
masses, 640 
mean free path, 641 
formula, 641 
number, 638 
of monolayer and equivalent volume, 645 
pressure, 638 
temperature, 638 
organic, 646 
cross section, 646 
length, 646 
pressure, gases (units), 638 
protein, 631 
rates of incidence, 639 
velocity, 639, 640 
formula, 639 
value, 640 
volume, inert gas atoms, 646 
Molybdenum, radiation and other proper- 
ties, 103 
Moment of inertia of various bodies, 27 
Momentum, 6 
angular, of nucleus, 654 
Month, 730 
Moon: age, 741 
albedo, 737 
craters, 736 
dimensions, 734 
mass, 734 
orbit, 735 
eceentricity, 729 
general precession, 730 
inclination, 730 
parallactic, 731 
physical data, 734 
temperature, 734 
Mortars (see under Building materials) 
Mountains, 772 
Musical instruments (see also under Sound), 
310, 311 
peak power, 310 
Musical scales, 312 
Mutual inductance, 13 


Nebulae (see also under Astronomy), lines, 
745 

Neptune, 734 

Neon, compressibility, 264 
standard wavelengths, 568 

Nernst effect, 451 

Nernst glower, 103, 104 

Neutralization, heats of, 186 

Neutrino (see under Particles, 
mental), 664 

Neutron, 654 
slow to produce radioactive isotopes, 667 
radioactivity, 667 

Newton, 6 

Nickel, radiation from, 101 
soot covered, 101 


funda- 
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Nickel-iron alloy, temperature effects, 457 
Nitrogen, abundance, 625, 626, 628 
atomic weight, 47 
boiling point, 117 
compressibility, 264 
high pressure, 267 
conductivity, thermal, 142 
density, 269 
critical, 276 
dielectric constant, 436 
diffusion, coefficient of, 356 
electric dipole moment, 44] 
electron configuration, 582, 584, 622 
expansion, thermal, 154 
heat, latent, 166 
heat capacity, 163 
index of refraction, 533 
ionization energy for production of ion 
pair, 711 
isotopes, 655, 658 
Joule-Thomson effect, 279 
magnetic susceptibility, 462 
melting parameters, 118 
melting point, 117 
pressure, 119 
molecular diameter, 643 
molecular velocity, 640 
molecules, number of, 638, 642 
percent in air, 592 
percent in atmosphere, 592 
physical properties, 190 
pressure, critical, 276 
solubility in water, 358 
temperature, critical, 276 
thermal properties (molecular), 272 
Van der Waal's constant, 262 
vapor pressure, 360 
at low temperatures, 360 
relations, 119 
veloeity of sound in, 306 
Verdet's constant, 506 
viscosity, 331 
volume, conversions, 260 
pressure relation, 119 
relative, 261 
Nitroso-dimethyl-anilene, 519 
Noise (see also Sound), 309 
Novae (see also under Astronomy), 757 
Nuclear physics, 651 
artificial disintegration, 651 
produced, 651 
binding energy, 653 
cosmie rays, 653 
definition of terms, 653 
fields, 651 
mass-energy, 654 
mass-velocity, 654 
particles, 652 
attraction, 652 
fundamental, 664 
high-energy, device for producing, 657 
mass, 654 
formulas, 654 
velocity and mass, 654 
radioactivity, 654 
Nuclear reaction, 665 
barrier penetration, 665 
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Nuclear reaction—continued 
cycles, carbon, 666 
proton-proton, 666 
temperature, 666 
energy produced, 666 
rates, 666 
stars, 665 
carbon cycle, 666 
proton-proton cycle, 666 
time required, 666 
Nucleon, 652, 654 
Nucleus, 654 
mass, 651 
Nutation, 730 
constant, 730 
Nylon, 244 


Obliquity of ecliptic, 730 
Observatories, magnetic values 
Geomagnetism), 481 
Oceans, 772 
area, 773 
area vs. depth, 773, 774 
currents, 778 
depth and velocity, 778 
volume transported, 778 
depth, greatest mean, 773 
dissolved, material, 777 
éarthquake waves, velocity, 777 
geochemistry, 776 
greatest depth, Atlantic, 773 
Indian, 773 
Pacific, 773 
physical data, 773 
topography, ocean floor, 773 
volume, 773 
waves (see Waves at sea) 
Oersted, 18 
Ohm, 20 
Oils, index of refraction, 530 
petroleum, compressibility, 284 
thermal expansion, 284 
viscosity, 334 
Optical constants, metals, 558 
crystals (see also Crystals), 509, 513 
glass (see also Glass), 509-514 
pyrometry, 97 
brightness temperature, 7, 97 
correction to true, 99 
calibration of pyrometer, 97 
effective wavelengths, 97 
emissivity, 98 
monochromatic screen, 97 
effective wavelengths, 97 
true temperature, 97, 99 
wavelength used, 97, 537 
Orbits, planets, 734 
Orchestral instruments, 
311 
Organic compounds, boiling point, 122 
density, 122 
liquids, dielectric constant, 424, 439 
spreading coefficients, 633 
vapor pressure, 368 
melting point, 122 
solubility vs. temperature, 358 


(see also 


frequency range, 
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Osmium filament, color temperature, 104 
Oxides, brightness, 104 
blue brightness, 104 
electrical resistivity, 395 
molten, viscosity, 326 
percentage emissivities, 10] 
Oxygen, abundance, 625 
atomic weight, 47, 619 
boiling point, 117 
combustion constant, 179 
compressibility, 264 
conductivity, thermal, 142 
density, 48 
critical, 276 
diameter, 644 
dielectric constant, 436 
diffusion, coefficient of, 356 
electric dipole moment, 441 
electrochemical equivalents, 403 
electron configuration, 582, 584, 622 
entropy, 274 
expansion, thermal, 154 
factor to ideal gas, 48 
heat capacity, 163 
index of refraction, 533 
ionization energy for production of ion 
pair, 711 
isotopes, 655, 658 
magnetic susceptibility, 462 
melting point, 117 
molecular data, 274 
molecular diameter, 644 
molecular velocity, 640 
molecules, number of, 642 
percent in air, 592 
percent in atmosphere, 592 
physical properties, 190 
point, 71] 
pressure, critical, 276 
solubility in water, 358 
temperature, critical, 276 
thermal properties (molecular), 274 
Van der Waal's constant, 262 
vapor pressure, 360 
at low temperatures, 360 
velocity of sound in, 306 
Verdet’s constant, 506 
viscosity, 331, 642 
volume, relative, 261 
volume conversions, 260 


Packing fraction, 654 
Palladium point, 72 
Paramagnetic substances, 45] 
Curie constant, 461 
temperature, 461 
Parsec, 63, 731 
Particles, 
attraction, 652 
range, 652 
De Broglie wavelength, 653 
elementary, 651, 664 
force, attractive, 652 
range, 652 
fundamental, 664 
alpha particle, 664 
characteristics, 664 
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Particles—continued 
deuteron, 664 
electron, 664 
negative, 664 
positive, 664 
meson, 664 
neutrino, 664 
neutron, 664 
production, 664 
photon, 664 
positron, 664 
proton, 664 
high-energy, devices for producing, 657 
mass and velocity, 652 
range, 654 
various, De Broglie wavelength, 665 
velocity, 665 
Peltier effect (see also Emf, thermal), 13, 
379 
coefhcient of, 13 
iron-constantan, 38] 
metals vs. lead, 380 
nickel-copper, 381 
Peltier heats, pressure effects, 382 
Pendulum, length of seconds, 717 
vs. latitude, 717 
Pentane candle, 92 
ГегіһеПоп, 731 
Periodic system, 621 
Permalloy, 453 
Permeability, 10, 457 
iron, 457, 458 
nickel-iron, 456 
steel, 458 
Petroleum (see also 
values, 182 
compressibility, 284 
density, 284 
thermal expansion, 284 
viscosity, 284 
pH, 634 
sea water, 777 
Phot, 93 
Photoelectric effect, 636 
equation, 636 
Photoflash lamps, characteristics, 110 
Photographic materials, 563 
range of, 566 
Photography, 562 
characteristic curves, 562, 566 
comparison of nuclear and optical emul- 
sions, 564 
definitions, 562 
developers (formulas), 563 
edge gradient values, 564 
formulas for developers, 563 
illuminants, relative photographie effi- 
ciency, 565 
lamps for, 110, 111 
nuclear track plates, 567 
emulsions, 567 
nuclear, 567 
specification, 567 
optical emulsions, 564 
photoflash lamps, 110 
range of spectral sensitivity, 566 
resolving power, 564 


Oil): combustion 
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Photography—continued 
edge gradient, 564 
value, 565 
sensometrie constants for type plates and 
films, 563 
spectral sensitivity, 566 
films, 566 
range, 566 


Photometric standards, 92, 94 


candle, 94 
color temperature, 94 
international, 92 
low brightness, 95 
standard of 1948, 94 
units, definitions, 93 
obsolete, 92 
Waidner-Burgess standard, 94 
color, 94 
value, 94 


Photometry, 87 


apostilb, 93 
apparent candlepower with distance, 95 
brightness, 93 
candle, 93 
Waidner and Burgess, 94 
conversion factors, 94 
definitions and units, 93 
equivalents, 94 
eye as measuring instrument, 89 
effect of color, 90 
Fechner law, 90 
foot-candle, 91, 93 
flux, luminous, 93, 94 
radiant, 93, 79 
glare, effect on sensibility, 89 
illumination, 93 
light, 87 
lumen, 93 
luminosity factors, 87 
vs. field brightness, 88 
lux, 91, 93 
mechanical equivalent of light, 93 
phot, 93 
photon, 93 
relation, instantaneous threshold to field 
brightness, 88, 90 
vs. field brightness, 90 
spherical candle, 93 
standards (see Photometric standards), 
92, 94 
obsolete, 92 
Waidner-Burgess, 94 
stilb, 93 
symbols and definitions, 94 
units, 93, 94 


Photon, 93, 654 


Physical constants (see also under name of), 
20, 46 
relations, 46 , 
Physieal properties of materials (see also 
Mechanical properties), 187 
alloys: aluminum, 192 
Babbitt metal, 226 
bearing metal, 226 
beryllium, 220 
brass, 195 
brazing, 223 
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Physical properties of materials—continued 


bronze, 195 
carboloy, 224 
copper, 198 
Dow metal, 220 
hardness, 187, 224, 
iron, 209 
low expansion, 221 
low melting, 225 
magnetic, 455 
alnico, 454, 455 
Heusler, 458 
permalloy, 453 
superpermalloy, 453 
mirror, 222 
miscellaneous, 217 
resistance, 221 
sealing to glass, 220, 221 
soldering, 223 
special purpose, 220 
steel, 209 
stainless, 213 
tungsten, 214, 224 
wire 215 
strength with lightness, 220 
thermocouples, 221, 222 
white metal bearing, 226 
aluminum, 192 
concrete (see under Building Materials) 
copper, 198 
crystals, 515, 529 
definitions: elastic limit, 187 
Ericksen values, 187 
hardness, 187 
Brinell, 187 
Shore sceleroscope, 188 
modulus of elasticity, 188 
Young’s, 188 
proportional limits, 188 
ultimate strength, 188- 
compression, 188 
tension, 188 
elements, 189 
fibers (see Fibers) 
glass, 534 
special, 534 
hardness, 187 
elements, relative, 228 
measuring, 187 
units, 187 
interior friction, 227 
iron, 228 
isolated tubular conductors, 418 
leather, 232 
light hydrocarbons, 293 
masonic mortars, 229 
plastics, 239 
optical, 240 
Poisson’s ratio, 227 
rigidity modulus, 226 
temperature effects, 227 
rope, 245 
rubber, 234 
artificial, 236 
compression, 237 
natural, 235 
rupture, modulus, 188 
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Physieal properties of materials—continued 


Bteel, 228 
strength, ultimate, 188 
tungsten, 225 
wood, 246 
zinc, 225 
Pi (values), 6, 25 
Piezoelectricity, 432 
erystals, 432 
strain coefficient, 432 
unit, 432 
Pile yield of isotopes, 670 
Planck's constant, 49, 51, 54, 79, 80 
Planck's law, 7, 79 
Planetary precession, 731 
Planets (see also under Astronomy), 734 
orbits, 734 
physical data, 734 
satellites, 735 
temperature, 734 
Plasties, characteristics, 239 
dielectric constant, 239 
dielectric strength, 239 
elasticity, 239 
index refraction, 240 
optical, 240 
properties, 240 
specific gravity, 239 
thermal conductivity, 239 
thermal expansion, 239 
Platinum, color temperature, 103 
cooling by radiation, 116 
emissivity, 98 
freezing point, 72 
thermocouples, 75 
Pluto, 734 
Poise, 318 
Poisson’s ratio, 227 
Polarized light, rotation of plane, 557 
various materials, 557 
Pole, Milky Way, 731 
North, 470 
South, 471 
Positron, 651 
Potassium bromide, 515, 516 
Potassium chloride, index refraction, 515 
Potassium iodide, 515, 516 
Potential difference, contact, 376 
alloys, 379 
aluminum vs. platinum, 376 
electrode, 637 
metals, 376, 378, 380 
in solution of salts, 378 
solids vs. liquids, 376 
voltaic cells, 377 
Potential excitation, 745 
Pound (see under name of) 
Pound weight, 6 
Poundal, 6 
Power, 6, 17, 22 
factor, 433 
insulating materials, 433 
radio frequency, 433 
Precession, 738 
Pressure, boiling point, 119 
columns of mercury and water, 606 
conversion factors, 267 


Pressure—continued 
freezing point of water, 119 
gases, critical, 276 
melting point, 119 
units of, 4, 638 
Van der Waal’s equation, 262 
volume relation (see also Compressi- 
bility): argon, 118 
compounds, 286 
gases, 261 
metals, 286 
nitrogen, ‘119 
solids, 286-289 
Probable error, 37 
Propagation temperature, dust, 634 
Proportional limit, 188 
Proteins (see also Colloids), 631 
Proton, 50, 654, 664 
mass, 50 
molecules, 631 
pH stability, 634 
synchrotron, 657 
Pyrometer, optical (see also Optical pyrom- 
eter), 97 
glass, 537 
Pyron, 9 


Quantity of electricity, 10, 11, 20 
Quantity of light, 94 


Quantum, 21, 89, 654 


Quartz, crystal, 517, 518 
compressibility, 287 
dielectric constant, 428, 430 
fibers, characteristics, 534 
fused, 518 
index of refraction, 518 
physical properties, 534 
relative, volume with pressure, 289 
resistivity, 396 
rotation of plane of polarized light, 558 
transparency, 517, 546 


Radian, 6 
Radiancy, 79 
Radiant energy, 79 
absorption (see also Absorption), 517, 
535, 546 
blackbody, 79 
constants, 50, 80 
first (a1), 50, 54, 80 
density, 50 
second (cz), 50, 54, 80 
different values, 80 
definitions, 79 
Stefan-Boltzmann constant, 50, 52, 80 
Wien displacement constant, 54, 80 
cooling by, 112 
definitions, 79 
density, 50 
flux, 79, 93, 94 
density, 79 
intensity of source, 79 
mechanical effects, 671 
nickel, 101 
reflection, formula, 549 
light, 549 
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Radiant energy—continued 
solar (sce Solar radiation) 
spectral, 79 


standard radiator (see also under Black- 


body), 79 
symbols, 79 
temperature, 70 
total, earth’s surface, 713 
our galaxy, 713 
universe, 713 
transmission, various substances, 535-556 
units, 36 
wavelength units, 509 
Radiation, alpha ray, 653-664 
beta ray, 653 
cathode, 653 
constants, 50, 54, 80 
cosmic, 651, 653, 710 
earth’s surface, 713 
electromagnetic (see Radiant energy) 
extraterrestrial, 449 
gamma, 653, 672 
mechanical effects, 671 
our galaxy, 713 
radioactivity, 654, 672 
receivers, 548 
solar, 721, 723 
over disk, 722 
spectral, outside atmosphere, 721 
sea level, 723 
universe, 713 
Radioactivity, 654, 672 
actinium family, 678 
alpha rays, 680 
artificial, 682 
long life, 667 
slow neutron produced, 667 
atoms (natural), 672, 680 
number, 672, 680 
beta rays (see also Beta rays), 672 
breakdown: character, 672 
decay constant, 673, 675 
rate, 672 
units of, Curie, 672 
Rutherford, 672 
danger from, 686, 689 
range, 686, 689 
disintegration, 672 
units for rate of, 672 
elements, number, 672 
emission characteristics, 672 
three rays, 672 
energy of, 672 
radiated, 689 
families (natural), 675 
artificial additions, 675 
characteristics, 675 
actinium (4n+3), 678 
neptunium (4n+1), 676 
thorium (4n), 676 
uranium (4n+2), 677 
gamma rays (see also Gamma rays), 653, 
672 
isotopes, 672 
characteristics, 667 
neutron produced, 667 
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Radioactivity—continued 
life 
range for determination, 618 
materials, 673, 675 
age, 679 
alpha-ray spectrum, 680 
beta-ray spectrum, 683 
energy emitted by, 689 
radium in equilibrium, 691 
isotopes, 675 
number, 672 
natural, 673 
characteristics, 673 
spectra, 680-689 
original names of, 675 
neptunium family, 676 
protection, distances, 686, 689, 690 
lead, thickness, 690 
other materials, 684 
radiation: alpha rays 
rays), 672 
beta rays (see also Beta rays), 072 
gamma rays (see also Gamma rays), 
672 
ionization, 672 
radium in equilibrium, 691 
thorium family, 676 
. uranium family, 677 
Radio propagation, 434 
antenna array, 434 
direction control, 434 
formula, 435 
pattern, 434 
attenuation, 443 
coefficient, 442 
constant, 442 
formulas, 443 
ground, 444 
low frequency, 442 
formula, 442 
oxygen (atm), 449 
rain, 449 
Sea water, 444 
water vapor, 445 
formulas, 443 
frequency: critical, 444, 445 
different layers, 448 
high, 446 
low, 442 
maximum usable (muf): 445 
2000 km, E-layer, 448 
4000 Кт, Е-Іауег, 446 
factors for calculating, 448 
F2-layer muf, 448 
other distances, 448 
path length layers, 448 
reflection, 444 
different layers, 444 
frequency, 444 
ion density, 445 
layers, 445 
minimum height, 445 
skip distance, 445 
Radio radiation, 434 
directivity, 434 
extraterrestrial, 449 
patterns, 434 


(see also Alpha 
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Radio radiation—continued 
reflection, 444 
atmosphere layers, 444 
transmission, 444 
factors, 444 
over ground, 444 
bad, 444 
good, 444 
over sea water, 444 
Radium: 
danger ranges for persons working with 
Ra, 686, 689, 690 
amounts of radium, 690 
emanation, vapor pressure (cmHg), 682 
energy emitted by 1 g Ra in equilibrium 
691 
protection for 8 hours p?r day exposure, 
686 
distance, 686 
thickness of lead, 690 
safe working distance, 689 
Radius: atomic, 643, 644 
gyration, 27 
ionic, 648 
molecules, 645 
Range of particles, 654 
Rankin temperature scale, 9 
Rayon, 243 
Reaumur temperature scale, 9 
Receivers for radiation, 548 
blackening, 548 
Reflection factor: angle, 549, 550 
building materials, 553 
diffuse, 551, 555 
formula, 549 
long wavelengths, 554, 555 
materials for, 554, 555, 556 
metals, 550, 552 
ultraviolet, 550 
pigments, dry, 551 
powders, 550, 551 
sand, 554 
snow, 554 
surfaces, with angle, 550 
tungsten, 555 
Refraction, index of (see also Index of Re- 
fraction), 509, 532 
Refractive indices with microscope, 56] 
materials for, 561 
Reluctance, 18 
Resilience, 6 
Resistance (electric), 11 
alternating to direct current, 419 
diameter wire for ratio 1.01, 420 
average pressure coefficients for metals, 
389 
bismuth, temperature variation, 
transverse magnetic field, 463 
change of: metals, transverse magnetic 
field, 463 
nickel, 463 
high-frequency, conductors, 417-419 
calculation of, 417, 418 
resistance ratio, 418 
temperature, 393 
human body, 375 
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Resistance—continued 
increase of, due to transverse magnetic 
field, nickel, 463 
manganin, under pressure, 389 
mercury, under pressure, 389 
metals, effect of tension, 387 
pressure, 388 
nickel, magnetic field, 463 
of conductor, 11 
pressure coefficient, 388, 389 
proximity factor, 419 
ratio, wire diameters, ac to de resistances, 
419 
skin effect, 417 
standard, 16, 19 
annealed copper, 404 
temperature 
high, 393 
low, 393 
tension, 387 
tubular conductors, 418 
frequency, 418 
variation with pressure (metals), 388 
Resistivity (see also Conductivity), 12, 13, 
19 
alloys, 384, 390 
aluminium, 404 
at high and low temperatures, 393 
copper, 404 
temperature coefficient, 406 
dielectrics (solid), surface, 395 
volume, 395 
elements, 384, 387 
glass vs. temperature, 396 
mercury vs. pressure, 389 
metals, 384 
vs. pressure, 388 
vs. temperature, 385 
minerals, miscellaneous, 395 
oxides, 395 
plastics, 239 
pressure effect, 388 
rocks, 395 - 
sea water, 396 
soils, 395 
solutions (electrolytic), 397 
surface, solid dielectric, 395 
temperature: coefficient, 384 
low, 393 
thermal, 44 
volume, of solid dielectrics, 395 
water, natural, 396 
sea (high-frequency), 396 
Resolving power (photography), 564 
Rest mags, 654 
Restrahlung bands, various materials, 555 
Reverberation time, 315 
optimum, 316 
room type, 317 
Reynolds number, 337 
Rigidity modulus, number of materials, 226 
and temperature, 227 
Ring (magnetic) specimens, corrections for, 
464 
Rock salt: index of refraction, 518 
transmission, 517 
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Rocks: bulk modulus (rock forming ma- 
terials), 740 
dielectric constant, 426 
elastic constants, 740, 741 
electrical resistivity, 395 
specific heat, 162 
Rods, demagnetizing factor, 467 
Rope, 245 
fiber, 245 
wire, 215 
plow, 215 
specification, 215 
steel, 215 
values, 215 
Rotation of plane of polarized light, 557 
Rubber: 
artificial, 236 
physical properties, 236 
comparison, 237 
compressibility, 237 
natural, 235 
physical properties, 235 
strength, 235 
Rupture, modulus, 188 
Rutherford, 672 
Rydberg constant, 48 
deuterium, 48, 51, 54 
helium, 48, 51 
hydrogen, 48, 51, 54 
infinite mass, 48, 51, 54 


Sackur-Tetrode constant, 52 
Satellites (see also under Astronomy), 734, 
735 
Saturn, 735 
Schrödinger constant, 51, 54 
Screens (woven wire), 188 
Sealed-beam lamp, 108 
Seas, physical data (see also Oceans), 773 
Sea water (see also Water), 774 
Second radiation constant, 50, 80 
precaution for use, 80 
value, 80 
Seconds pendulum, length vs. latitude, 717 
Self-inductance, 13 
Series, mathematical, 24 
Series relations in atomic spectra, 578 
Bohr atom, 579 
energy levels, designations, 579 
J values, 570, 580 
L values, 579 
quantum principle. 581 
Rydberg constant, 578 
S values, 569 
symbols, 580 
spectral designation, 580, 581 
quantum principles, 581 
spectral levels, 581 
Pauli principle, 580 
spectral terms, 579 
means of identification, 580 
spectroscopic properties, neutral 
582 
singly-ionized atoms, 584 
terms from electrons, 579, 580 
wave numbers, 578, 579 
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Showers, cosmic rays, 654 
Siegbahn, wavelength scale, 48, 54 
Silver chloride, 520 
Sines, 32 
Sky, illumination due to, 725 
Slug, 6, 337 

metric, 337 
Snow reflection factors, 554 
Sodium carbonate, 550 
Sodium chloride, 531, 550 
Solar constant, 719 

monthly means, 720 


1920-1952, 720 
yearly means, 720 
Solar corona, 744 
emission lines, 744 
flares, 743 
Solar irradiation at sea level, 723 
latitude, 725 
monthly, 720 
Solar motion, 731 
elements, 731 
Solar parallax, 731 
Solar radiation, 719 
air masses, 720 
* уз. sun’s elevation, 720 
atmospheric transmission, 719 
biological effective component, 724 
constant, 720 
corona emission, 744 
distribution over disk, 722 
flares, 743 
illumination, 725 
sky, 725 
sun, 725 
intensity, 721, 725 
outside atmosphere, 721 
mean intensity, 721 
relative intensity, 724 
spectral distribution, 724 
Mount Wilson, 724 
outside earth’s atmosphere, 721, 722 
sea level, 723 
sunlight, distribution over Mount Wilson, 
724 
illumination due to, 725 
sunshine, duration, 724 
total, 719 
to earth, 719 
variation with time and latitude, 725 
Wolf’s sunspot number, 727 
Solder, 223 
flux, 223 
hard, for aluminum, 223 
for brass, 223 
for copper, 223 
for gold, 223 
for iron, 223 
soft, for brass, 223 
for copper, 223 
for gold, 223 
for iron, 223 
for lead, 223 
for zinc, 223 
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Solids, compressibility, 286 

contact difference of potential, 637 
dielectric constant, 427 

electron emission, 635, 636 
infrared reflection, 548 

infrared transmission, 547 
specifie heat, 155-158 

velocity of sound in, 306 

Verdet's constant, 504 


Solubility, 357 


gases in alcohol, 360 

gases in water (temperature variation), 
358, 360 

inorganic salts (temperature variation), 
357 

organic salts (temperature variation), 358 

organic solvents, 359 

pressure effect, 359 

vapors, 360 
alcohol, 360 
water, 360 


Solutions, density, 300-305 


molecular conductivity, 398, 399 


Solvents, organic, 359 


boiling point, 359 


Sound (see also Acoustics), 309-317 


acoustics, architectural, 315 
attenuation coefficient vs. humidity, 316 
reverberation time, 315 
and frequency, 317 
as function of volume, 317 
calculated, 315 
optimum, 316 
and volume of room, 317 
bel, 309 
consonants, frequency of occurrence, 309 
power, relative, 309 
decibel, 309, 314 
ear sensitivity to: binaural, 314 
differential, 314 
frequency range, 314 
monaural, 314 
threshold, 314 
fundamental frequency, female voices, 310 
male voices, 310 
hearing acuity: and frequency, 314 
loss by groups, 315 
thresholds, 314 
levels, various locations, 309 
musical: power peak, various instruments, 
310 
range frequency, orchestral instruments, 
311 
scales, 312 
cent, 312 
equally tempered, 312 
frequency and piano key numbers, 313 
frequency ratios, two scales, 312 
intervals, 312 
just, 312 
semitone, 312 
noise levels, various locations, 309 
pressure levels, 309 
pressure unit, 309 
sensitivity of ear, 314 
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Sound—continued 
speech: 
consonants, 309 
frequency of occurrence, 309 
relative power, 309 
power, 309 
men, 310 
women, 310 
pressure field around head, 313 
vowels, frequency of occurrence, 309 
relative power, 309 
resonance values, 311 
velocity: 
in alr, 306 
for various densities and heights, 594 
in gases, 306 
in liquids, 307 
in sea water, 307 
in solids, 306 
in vapors, 306 
Spark in air, voltage required vs. distance, 
421-423 
ac, 421 
dc, 421 
Specific gravity, 291 
АРТ, 290 
Baumé scale, 289 
Specific heat, 9, 155 
aluminum oxide, 162 
ammonia, liquid, 162 
saturated, 162 
at fusion, 157 
atomic, 160 
electricity, 379 
elements, 155 
formula for (true), 157 
gas, 163 
ratio, 164 
hydrocarbons, light, 293 
liquids, various, 161 
materials, various, 158 
mercury, 161 
metals, 157 
minerals, 162 
rocks, 162 
silicates, 164 
solids, various, 158 
true, 157 
temperature, 157 
vapor, 163 
water, 161 
Specific inductive capacity (see Dielectric 
constant), 11 
Specific intensity of magnetization, 461 
Specific luminous radiation, 93 
Specific susceptibility, 451 
Spectra: 
alpha ray, 681 
artificial, 682 
natural, 680, 681 
atomic, series relations, 578 
energy state, 581 
beta ray, 653 
blackbody, 95 
Bohr atom, 579 
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Spectra—continued 
Catalán's analysis, 579 
classes, stars, 746, 747, 753 
emissivities, 8, 98-103 
energy levels, 581 
quantum numbers, 579 
rotation of electron, 580 
Rydberg constant, 578 
spinning electron, 580 
terms, 579, 580 
symbols, 579 
X-rays, 699 
Spectral intensity, 79, 82, 85 
Spectral luminosity factors, 87, 90 
Spectral luminous flux, 93 
Spectral luminous intensities, 95 
blackbody at various temperatures, 95 
brightness of blackbody, 96 
crova wavelength, 96 
mechanical equivalent of light, 93, 96 
Spectral radiaut energy, 79 
Spectral radiation, 79 
Spectral sensitivity (photographic), 566 
Speech (see Sound) 
Speed (photography), 562 
Spherical candlepower, 93 
Spin, 580 
Spreading coefficient (see Colloids) 
Square statute mile, 62 
Standard atmosphere, 47, 345, 593 
Standard observer, 1931 I.C.I., 90 
Standard temperature, 9, 71 
Standard wavelengths, 568 
cadmium red line, value of, 569 
elements, prominent lines in simple spec- 
tra, 575, 577 
extreme ultraviolet standards, 571 
Fraunhofer lines, wavelengths, 577, 578 
preliminary values of mercury™, 568 
primary standard, 568 
cadmium, 568 
mercury, 568 
secondary standards, 568-571 
iron, 571 
krypton, 570 
neon, 568 
simple spectra, wavelengths and relative 
intensities, 575, 577 
solar wavelengths, 571, 572 
tertiary standards, iron, 571 
Standards, fundamental, 13 
Stars (see also under Astronomy), 728, 746 
Statahenry, 20 
Statampere, 11, 20 
Statcoulomb, 20 
Statfarad, 20 
Statohm, 20 
Statute mile, 63 
Statvolt, 11, 20 
Steam: saturated, properties, 169, 175 
superheated, properties, 176 
Steel, composition of, 465 
high speed, 224 
magnetic properties, 452, 457 
mechanical properties, 209 
permeability, 457, 458 
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Steel—continued 
stainless, 213 
transformer, energy losses, 459 
wire, 215 
specifications, 215 
wire rope, 215 
specifications, 216 
Stefan-Boltzmann constant, 50, 80 
Stellar system (see also under Astronomy), 
728, 746 
Steradiancy, 79 
Stilb, 93 
Stoke, 321 
Stone (see under Building materials) 
Strain, 7 
Stress, 7 
Sugar, combustion values, 182 
Sugar solutions: 
density, 304 
Baumé degrees, 305 
Brix degrees, 305 
specific gravity, 305 
Sulfur dioxide, 266 
compressibility, 266 
Sun (see also under Solar): area, 731 
brightness, 92 
< calculated, 92 
density, 731 
diameter, 731 
distance to earth, 731 
eclipses 1950-2000, 742 
electric data, 502 
illumination due to, 725 
magnetic data, 502 
mass, 731 
orbit, 770 
matter within, 770 
radiation, 719-725 
at sea level, 723 
biological effective, 724 
over surface, 722 
radius, 731 
shine, duration, 724 
latitude, 724 
time, 724 
spots, 727 
annual means, 727 
volume, 731 
Sun and sky illumination, 725 
Mount Wilson, 724 
Superconductivity, 394 
Surface tension, 361 
liquids, 361, 362 
miscellaneous, 361 
metals at solidification point, 362 
salts in water, 361 
solutions of salt and water, 361 
various materials, 362 
water plus alcohol, 361 
Sylvite, 519 
Synchro-cyclotron, 657 
Synchroton, 654, 657 
Tangents, 32 
Tantalum: physical properties, 98, 103 
radiation characteristics, 103 
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Telescopes, largest in use, 728 
Temperature, 7 
brightness, 97 
correction to true, 99 
variation with es, 86 
eolor, 8 
and brightness, 104 
carbon, 104 
various substances, 104 
conversion tables, inside front cover 
correction to true, 99 
corrections to mercury thermometer, 72 
critical (gas and vapors), 276 
definition in different ranges, 70 
earth: 
highest. 726 
lowest, 726 
selected stations, 726 
surface, 726 
variation with depth, 727 
electron volt, equivalent, 21, 54 
fixed points: °C 1948, 71 
primary, 71, 72 
gold point, 71 
ice point, 47, 71, 72, 73 
oxygen point, 71 
silver point, 71 
steam point, 71 
sulfur point, 71 
secondary, 70, 72 
flames, 182, 293 
ice point, 47, 73 
international temperature scale of 1927, 
70 
and older scales, 74 
international temperature scale of 1948, 
71 
and 1927 scale, 74 
interpretation for different ranges, 74 
Wien’s equation, 72 
interstellar space, 763 
measurement, 71, 72, 87, 97 
correction for emergent 
thread, 72, 73 
old thermoelectric scales, 74 
planets, 734 
reduction to gas scale, 73 
reduction to thermodynamic scale, 73 
reference tables for thermocouples, 75 
scales, 75 
Celsius, 8 
Centigrade, 8 
Fahrenheit, 8 
gas to thermodynamic, 73 
international: 
1927, 70, 71 
1948, 70, 72 
comparison with 1927 scale, 71 
Kelvin, 9 
old, 74 
radiant, 9 
Rankin, 9 
Reaumur, 9 
thermodynamic, 9 
secondary points (1948), 70, 71 
Standard, 71 


mercurial 
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Temperature—continued 
standard fixed points 
points), 8 
thermocouple data, 75 
true, 99 
less brightness, 99 
various places (monthly means), 726 
Wien equation, corresponding tempera- 
tures on 1948 scale, 72 
Tenth-meter, 7 
Terrestrial magnetism (see Geomagnetism) 
Thallium brome-iodide, 515 
Thermal capacitance, 9 
Thermal conduction vs. temperature, 114 
Thermal conductivity, 9 
alloys, 138 
cork, 139 
cotton, 139 
fireclay, 141 
fourier, 144 
various materials, 144 
gases, 142 
insulating materials, 139 
leather, 233 
liquids: as a function of pressure, 143 
organic, 142 
materials, various, 136, 139, 141 
metals, 138 
organic liquids, 142 
plastics, 239 
rocks, various, 136, 140 
rubber, 140 
salt solutions, 136 
substances, various, 136, 141 
water, 142 
salt solutions, 136 
woods, 140 
wool, 140 
Thermal emf (see Emf) 
Thermal expansion, coefficient of, 8, 145 
alloys, 149 
crystals, 152 
cubical, 148, 153 
elements, 145 
gases, 154 
leather, 233 
liquids, 153 
metals, 145 
miscellaneous materials, 152 
plasties, 239 
rubber, 235 
Thermal properties: gases, 259 
liquid ammonia, 178 
saturated steam, 168, 169, 175 
saturated water, 168 
superheated steam, 176 
Thermal resistivity in fouriers, 144 
Thermochemistry, various materials, 185 
heat of formation, 186 
Thermocouples, reference tables for, 74-78 
chromel-alumel, °F, 78 
iron-constantin, °C-°F, 76, 77 
platinum to platinum 10 percent, °C-°F, 
75 
Thermodynamic laws, 9 


(see also Fixed 
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Thermodynamie temperature, 9, 14 
Thermodynamies, 9 
Thermoelectric effect, 13, 379 
properties at low temperatures, 381 
vs, copper, 379 
vs. lead, 379 
alloys, 379 
metals, 379-381 
pressure effect, 382 
temperature, 387 
vs. platinum 
alloys, 381 
aluminium, 376 
cadmium, 383 
metals, 376-390 
nickel, 389 
zinc, 390 
Thermomagnetie effects, 508 
Thermometry: correction for 
thread, 72 
mercury thermometers, 72 
reduction, gas thermometer to thermo- 
dynamic scale, 73 
corrections for various gas thermome- 
ters, 73 
Thomson effect, microvolt per degree, 382 
Thomson heats, 382, 383 
pressure effects. 382 
temperature, 383 
Thunderstorm electricity 
ning), 614 
Tides: height at various places, 779 
mean sea level, 779 
geodetic, 779 
geographic, 779 
neap, 779 
spring, 779 
Time, equation of, 728 
unit, 14 
Torque, 7 
Transformation: eutectic mixtures, 130 
lime-alumina-silica compounds, 130 
of units, 1, 57 
Transformer rectifier, 657 
Transitions, crystals, 126 
Transmission of radiation: 
air, 538 
components, 538 
moist, 546 
alum, 545 
atmospheric transparency for ultraviolet, 
538 
cesium bromide, 547 
color sereens, 535 
erystals, 515, 517 
dyestuff solutions, 538 
gases, 547 
glass, 512 
Jena, 514 
lead chloride, 547 
optical, 512 
red pyrometer glass, 537 
effective wavelength, 537 
light filters: Bausch and Lomb, 537 
Corning glass, 536 
narrow band pass, 536 
spectral regions, 536 
Wratten, 536 


emergent 


(see also Light- 
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Transmission of radiation—continued 
light through space, 771 
long wavelength, 545, 547 
magnesium oxide, 547 
optical erystals, 517, 545 
red pyrometer glass, 537 
rock salt, 517, 545 
sapphire, 547 
silver chloride, 547 
solids, 547 
substances, various, 546, 547 
sylvite, 517 
thallium bromide, 517 
thallium bromide-iodide, 517 
thallium chloride, 547 
various materials, 554, 556 
water, 536 
Transparency: 
atmospheric, for ultraviolet, 538 
substances, various, infrared, 546 
various, for long wavelengths, 555 
ultraviolet, for atmospheric components, 
538 
water, 536 
water vapor (steam), 545 
Transverse galvanomagnetic and thermo- 
magnetic effects, 507 
Treatment of experimental data (see under 
Data) 
Triboelectricity, series, 375 
vs. silica, 375 
Trigonometrie functions, 32 
cosine, 32 
cotangent, 32 
sine, 32 
tangent, 32 
Tritium, 654 
Triton, 654 
Troy measurements, 63, 64, 66 
Tungsten (Wolfram), characteristics, 102 
eolor temperature, 102, 103 
emissivity, 99 
lamp. 106 
melting point, 72 
pressure, 119 
radiation, 102 
Twilight, 731 


Ultimate particles, 654, 657 
strength, materials, 187, 188 
Ultraviolet, transparency for atmospheric 
components, 538 
Uniform point source, 92 
Unit pole, 451 
United States system of weights and mcas- 
ures, 60, 61, 63 
metric to, 60, 61 
to metric, 60, 62 
Units: absolute, 2 
ampere turn, 18 
capacity 
carrying copper wires, 416 
electrical, 16 
mechanical, 60 
physical, 60-67 
specific inductive, 11 
egs, 15 
changing, 57 
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Units—continued 


choice of, 1 
common, 56 
abbreviations, 56 
spelling, 56 
conversion (see Conversion factors) 
cubic, 63 
defined (see under name of unit) 
derived, 2, 58 
dimensions, 58 
electrical and magnetic, 59 
geometric and heat, 58 
different systems, 15 
absolute, electric and magnetic (1948), 
19 
relation to international (1927), 20 
ampere turns, 18 
cgs, 15, 20 
electrical, 10 
dimensional equations, 11, 59 
equivalents of discarded systems, 22 
relative value of 3 systems, 20 
Gaussian, 15 
heat, 58 
dimensional equation, 58 
flow, 136 
international electrical, 19 
magnetic units, 451 
ampere turn, 18 
Gauss, 18 
Gilbert, 18 
Maxwell, 18 
Oersted, 18 
ordinary, 18 
pole, 12 
practical, 16 
some proposed, 15 
MKS, 15 
dimensional formulas, 2, 58, 59 
use of, 2, 57 
dimensions, 58, 59 
electric, 10, 15 
absolute (1948), 19 
maintained, 19 
vs. international, 20 
electromagnetic, 12 
practical, 16 
electrostatic, 12 
energy, 17, 618, 653 
established, 2 
extensive, 1 
former electrical] equivalents, 22 
fundamental, 1, 56, 60 
area, 60 
capacity, 60 
choice of, 2 
dielectric constant, 1 
dimensions, 57-59 
heat, 58 
length, 1, 60 
magnetic permeabihty, 10, 451 
mass, 60 
number of, 2 
temperature, 1, 14, 70 
scale of 1948, 70 
time, 14 
volume, 2, 60 
Gaussian system, 15 
geometrical, 4 
heat, 7 
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Units—continued 
intensive, 1 
legal definitions, 60 
linear, 60 
list of, 56 
magnetic, 18, 451 
mass, 60 
measurements, ] 
numeric, 1 
unit, 1 
mechanical, 4 
metric, 61, 62 
MKS, 15 
number of, 2 
numerically different, 15 
photometric, 94 
proposed systems, 15 
radiant energy, 136 
radiant wavelength, 509 
relations among wire size units, 404 
resistivity, 11 
square, 60 
transformation of, 1, 57 
Universe: 
abundance of elements, 625 
cosmic rays, 713 
mass density, 713 
radiant energy. 713 
Uranium: 
elements beyond, 619, 623, 670 
americium, 619, 670 
berkelium, 619, 670 
californium, 619, 670 
curium, 619, 670 
methods of producing, 670 
neptunium, 619, 670 
plutonium, 619, 670 
radioactive properties, 676, 677 
Uranus, 734 


Valence electrons, 654 
Value of e, 47, 51, 54 
Van de Graff generator, 654 
Van der Waal's equation, 261 
constants for different gases, 262 
Vapor pressure: 
alcohol, ethyl, 370 
methyl, 370 
argon, 117 
critical, 276 
diffusion, 354, 355 
elements (some), 362 
ethyl alcohol, 370 
gases (low temperature), 360 
hydrocarbons, light, 293 
liquids, 371 
organic, 368, 371 
mercury, 372 
metals, 362, 363 
rate of evaporation, 362, 363 
methy! alcohol, 370 
organic liquids, 368 
rate of evaporation, 362 
solutions of salts in water, 373 
temperature effects, 368, 369 
Vaporization, latent heat of, 167 
ammonia, 167 
elements, 165 
formula for, 167 
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Vaporization—continued 


liquids, 166 
pressure variation, 167 
water, 167 


Vapors: density, 269 


diffusion, 354 
molecules, 640 
mass, 640 

velocity, 640 


Velocity, 7 


maximum, 654 
of light, 47, 51, 54 
in different materials (see under name 
of material) 
of sound: in gases, 306 
liquids, 307 
sea water, 307 
solids, 306 
vapor, 306 


Verdet's constant: acids, 505 


gases, 506 

liquids, 505 

salts in water, 505 
solids, 504-506 


Viscosity, 318 


air, 331 
alcohol-water mixtures, 320 
boron trioxide, 326 
castor oil, 322 
temperature, 322 
centipoise, 319 
coefficient, 318 
constants, 331 
Couette correction, 318 
definition, 318 
equations, 318 
dimensions, 318 
dimethyl-siloxane polymers, 325 
diopside-albite-anorthite, 327 
fluids, 319-324 
formulas, 319 
gases and vapors, 331, 332 
pressure and temperature, 331, 332 
gasoline, with temperature, 322 
glasses, with compositions, 330 
with temperature, 330 
glucose, 321 
thermal effect, 321 
glycerin-water mixtures, 322 
glycerol in aqueous solution, 321 
with temperature, 321 
heavy water, 320 
hydrocarbons, 329 
pure, 329 
ice glacier, 319 
kerosene, with temperature, 322 
kinematie, 318, 321 
unit, 321 
liquefied gases and vapors, 329 
liquids, 328, 333 
miscellaneous, 328 
pressure effects, 333, 334 
pure, 333 
lubricants, 334 
oils, crank case, 334 
metals, molten, 327 
methods of measuring, 318, 319 
equations, 318 
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Viscosity—contiuued 
Меуег'ѕ formula, constants, 331 
molten metals. 327 
oxides, 326 
number of gases, 331 
oils, 328, 334 
pressure, 328 
organic liquids, temperature effect, 323 
orthoclase-albite, 325 
oxides, molten, 326 
pitch, 319 
pressure effects, 328, 333 
liquids, 328 
silicon dioxide, 325 
sodium silicates (temperature), 324 
solids, 319 
equations, 319 
Southerlands formula, 331 
specific, 318 
stoke, 321 
temperature variation, 322-326 
units of, 318, 321 
poise, 318, 319 
vapors, 319 
Venice turpentine, 319 
water: at high temperatures, 320 
at low temperatures, 319 
heavy water, 320 
pressure, 334 
water-alcohol mixture, 320 
wax, shoemaker’s, 319 
Volt, 20 
Voltaic cells, 377 
composition, 377 
emf, 377 
standard, 378 
Volt-electron, 654 
Volume, 60 
gas, correction factor, 260 
relative at various pressures, 261 
glass vessel, 68 
pressure relation: argon, 117 
compounds, 286 
gases, 261 
metals, 119, 286 
nitrogen, 118 


Water: 

absorption, gases, 360 

vapors, 360 
barometric pressure, column of water, 606 
boiling point, 71 

with pressure, 169 
compressibility, 283 
cubical expansion, 153 
density, 295, 296, 298 

free from air, 296 

maximum, 48, 297 

water and alcohol, 302 

ethyl, 302 
methyl, 304 

dielectric constant, 425 
dielectric loss tangent, 439 
diffusion of aqueous solution into, 354 
diffusivity, 143 
electrical resistivity, 396 
freezing point, effect of pressure, 119 
heat capacity, 161 
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Water—continued 


heat of sorption, 632 
heavy water, eomparative properties, 671 
viscosity, 320 
humidity, 602 
and wet-dry bulb temperature, 602 
index of refraction, 530 
ionization, 399 
latent heat of vaporization, formula, 167 
magnetic susceptibility, 462 
mean free path, 638 
melting temperatures, effect of pressure, 
118 
mixture, with alcohol, density, 302, 304 
molecules, diameter, 638 
phases, 119 
freezing point, 119 
pressure of columns, 606 
properties, heavy, 671 
ordinary, 295 
pure, free from air, 296 
relative volume, different pressures, 283 
saturated, thermal properties, 168 
sea: 
absorption of light, 774 
with wavelength, 776 
chlorinity, 774 
composition, 776 
concentration of dissolved material, 774 
density, 774 
elements in, 777 
evaporation, 774 
geochemistry, 776 
osmotic pressure, 775 
pH, 777 
physical properties, 775 
absorption of light, 775 
chlorinity, 774 
concentration, 774 
pressure, osmotic, 775 
vapor, 775 
salinity, 774 
transmission of radiation, 775 
pressure, 774 
resistivity, 396 
salinity, 774 
solids dissolved, 776 
amount of, 776 
yearly addition, 776 
specific heat, 161 
temperature, 774 
vapor pressure, 775 
vaporization, 774 
velocity of sound in, 307 
solubility: of gases in, 358 
of salts in, 357 
inorganic, 358 
organic, 358 
solution of salts in, 300 
specific heat, 161 
spreading, 633 
surface tension, 362 
thermal conductivity, 136, 142 
thermal properties, 168 
total heat of vaporization, 169 
transmission of radiation, 775 
transparency, 538 
vapor: coefficient of diffusion, 356 
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Water, vapor—continued 


density, 276 
diffusion of, 355 
heat capacity, 163 
index of refraction, 533 
mean free path, 638 
molecular diameter, 638 
molecular velocities, 640 
pressure in atmosphere, 599 
at sea level, 605 
saturated: pressure, 600 
temperature, 600 
weight, 601 
transparency, 545 
variation of dielectric constant, 423 
velocity of sound in, 306 
viscosity, 332 
weight of, 601 
wet-dry bulb, 602 
vapor pressure of salts in, 373 
velocity of sound in, 307 
Verdet's constant for, 505 
viscosity, 319 
effect of pressure, 334 
effect of temperature, 319 
volume, and density, 298 
and temperature, 298 
at temperature of maximum density, 
297 
free from air, 296 
influence of pressure, 297 
of glass vessel from its weight in water, 
68 


Watt, 20 
Wavelength: cadmium red line, 569 


conversion factor, 509 

De Broglie, 665 

elements, prominent lines in simple spec- 
Сга 017 

extreme ultraviolet, 571 

Fraunhofer lines, 577 

merceury!*?, 568 

primary standards, 568 

sample spectra of some elements, 577 

secondary standards (international), 570 
iron, 571 
krypton, neon, 570 

solar lines, 572 

standard, 568 
cadmium, 569 
mereury, 568 

tertiary standards, iron, 571 

units, 509 

ultraviolet, 571 


Wave number, 578, 581 


absolute volt, 50 

electron volt, 54 

moment of inertia and band spectra, 49 
one volt, 50 


Waves at sea: earthquake, 777, 778 


fetch, 778 
height, 778 
vs. fetch, 778 
vs. wind duration, 772 
vs. wind velocity, 772, 778 
length, 778 
deep water, 777, 778 
shallow water, 777, 778 


INDEX 


Waves at sea—continued 
sea, 778 
surf, 778 
swell, 778 
height 
vs. distance from source, 772 
vs. wind, 778 
velocity: deep water, 777 
shallow water, 777 
Weighing: effect of the air, 69 
reduction to vacuo, 69 
Weight, calculated, various bodies, 27 
Wet-dry bulb temperature and humidity, 
602 
Wien displacement constant, 80 
Wien displacement law, 80 
Wire (see also Copper): 
aluminum, properties of, 415 
mass resistivity, 404 
copper, properties of, 406 
annealed, 408 
characteristics of, 408 
electric, 408 
carrying capacity (safe), 416 
mass resistivity, 404 
resistance, computing, 417 
resistance to standard temperature, 407 
temperature coefficient of resistance, 
404 
electrical and mechanical characteristics, 
408 
gages, comparison of, 405 
high-frequency resistance, 417 
calculations, 417, 419 
of conductors, 417, 419 
maximum diameter for high-frequency re- 
sistance ratio of 1.01, 420 
ratio of alternating to direct current 
resistance, 419 
rope, 216 
steel, 216 
tables. comparison (gages), 405 
for computing resistances, 416 
tubular conductors, resistance, 418 
Wolf’s sunspot number, 727 
Wolfram (see Tungsten) 


X-rays, 654, 692 
absorption, 693 
coefficients, 693, 694 
formulas, 693 
constants, 693 
critical, 692 
K series, 696, 698 
L series, 696, 699 
M series, 696 
mass absorption, 704 
calculated, 704 
elements, 695, 697 
materials, 696 
formula, 693 
wavelengths, critical, 692 
elements, 697 
voltage, 692 
characteristics, intensity, 692, 693 
wavelength, 692, 693 
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X-rays—continued 
dosage units, 694 
lead thickness to reduce, 695 
rate, 695 
emission, characteristic, materials, 696 
K series, 696 
energy, radiated, 692 
filters for obtaining monochromatic, 696 
fluorescence, excited by, 693 
materials, 693 
wavelength, 693 
generated, 692 
ionization, 693 
gas and vapors, 693 
mass absorption, 694 
formula, 694 
nature, 692 
production, 692 
quantity, 692 
protection against, 693, 694, 695 
concrete, 694 
distance vs, voltage, 695 
lead, 695 
materials vs., 694 
minimum thickness vs. intensity, 693 
requirement vs. voltage, 693, 695 
for 400 kv pulsating, 695 
for 1000 kv pulsating, 696 
for 10 ma pulsating, 695 
thickness vs. voltage, 695 
quantity, tungsten target, 692 
safe rating of tubes, 698 
spectrum, 692 
limit, 692 
terms, various elements, 698 
tubes, safe operating, 698 
types, 692 
characteristics, 692 
continuous spectrum, 699 
wavelength limit, 692 
wavelength, 692 
characteristic, 692 
critical absorption for elements, 701 
fluorescent, 693 
K series, elements, 696, 697 
L series, elements, 699 
M series (72Ta to 92 U), 700 
tungsten L series, 698 
various elements, 700 
various transitions, 697 
voltage and, 692 
X-unit, 509 


Year: anomalistic, 731 
light, 730 
sidereal, 731 
tropical, 731 

Yearly means: 

481-492 
solar constant, 719 
sunspots, 727 
temperature, 726 

Yield point (materials), 188 

Young’s modulus, 7, 188 


magnetic characteristics, 


Zeeman effect, 50 
Zero, absolute, 9, 47, 73 
Zinc, physical properties, 225 
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